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0.2 Abstrat
1
It is aepted that among the ways through whih a quantum phenomenon
deoheres and beomes a lassial one is what is termed in the literature the
Zeno eet. This eet, named after the anient Greek philosopher Zeno of Elea
(born about 485 B.C), were used in 1977 to analytially predit that an initial
quantum state may be preserved in time by merely repeating a large number
of times, in a nite total time, the experiment of heking its state. Sine then
this eet has been experimentally validated and has beome an established
physial fat. It has been argued by Simonius that the Zeno eet must be
related not only to quantum phenomena but also to many marosopi and
lassial eets. Thus, sine it operates in both quantum and lassial regimes
it must ause to a more generalized kind of deoherene than the restrited
one that lassializes a quantum phenomenon. We show that this generalized
deoherene, obtained as a result of dense measurement, not only gives rise to
new phenomena that are demonstrated through new responses of the densely
interated-upon system but also may physially establish them. For that matter
we have found and established the analogous spae Zeno eet whih leads to
the neessity of an ensemble of related observers (systems) for the remarked
physial validation of new phenomena. As will be shown in Chapters 3-5 of this
work the new phenomena (new responses of the system) that result from the
spae Zeno eet may be of an unexpeted nature. We use quantum eld theory
in addition to the more onventional methods of analysis and also orroborate
our analytial ndings by numerial simulations.
1
Due to ertain limitations imposed upon the permitted number of the abstrat lines we introdue here
an abridged version of it. The full abstrat, as represented in the thesis submitted to the Bar-Ilan University,
is shown in Appendix A.
Chapter 1
Introdution
1.1 Stati and dynami Zeno eets
We wish to disuss in this work, as its name implies, the detailed stages of the deoherene
proess, where by this term we mean also the mehanism that not only physially validates
and establishes a new-enountered phenomenon [1℄ but also, as will be shown, may initially
give rise to it [1℄. We note that one generally nds in the literature (see, Giulini et al in
[2℄ and referenes therein) this term as meaning the proess that lassializes a quantum
phenomenon so that its former wavy harater disappears [3℄. In this work we also take this
term more generally to mean the proess that may rst give rise to a new phenomenon, in
a manner to be fully desribed in this work, and then physially establish it. The involved
proess inludes the stages of rst trying [4℄, espeially through mathematial expressions,
to explain this phenomenon and then of validating (or refuting) the suggested expression by
experiments. The last stage, in whih one tests the assumed mathematial relation to see if
it onforms to the experimental ndings, is the most important one sine by this one may
deide the status of the assumed theory to be either elevated to the physial level or to be
refuted. We note that sine the advent of quantum mehanis there is in the literature a
long and ontinuous eort that tries to larify and understand the problem of measurement
(see, for example, [5, 6, 7, 8℄).
We wish to desribe by various examples the means through whih a new phenomenon
is rst diserned as suh and then deoheres to beome an established physial fat. We
do this by various methods that, although appear to be dierent at rst sight, nevertheless,
they all yield the same result that what may rst initiate and then physially establish a new
phenomenon (and the theory that explains it) is not only the experiment one performs in
order to test it but the multiple repetitions of it (or of similar versions of it) in a nite total
time [4, 9℄ as will be explained. Moreover, we show that the degree of validity depends upon
the number of these repetitions, that is, the more large is this number in the total alloted
time the more physially established the phenomenon and its proposed theory will be [4℄.
These repetitions are regarded by many authors [2, 10, 11, 12, 13℄ as an important fator
in giving rise to the remarked restrited deoherene through whih a quantum phenomenon
beomes lassialized. This appearane of lassiality in the quantum regime is termed
the quantum Zeno eet [2, 10, 11, 12, 13, 14℄ and it denotes the mehanism by whih the
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initial state of some quantum system is preserved in time by only repeating a large number
of times, in a nite total time, the experiment of heking its state. The last result is termed
the quantum stati Zeno eet [12℄ to dierentiate it from the quantum dynami Zeno eet
[12℄ whih is not omposed of repeating the same experiment but of performing a very large
number of dierent experiments eah of them redues the system to dierent state so that
it proeeds through a spei path of onseutive states. Thus, if the dierent experiments
that redue the system to this path are done in a dense manner this results in realizing this
path, from the large number of possible dierent ones, as has been demonstrated theoretially
[11, 12℄ and experimentally [10℄. This realization is eeted through the probability to
proeed along the dierent possible paths of states whih tends to unity for the one that
dense measurements were performed along it and to zero for the others.
It has been argued [14℄ that the Zeno eet is not restrited only to quantum events but it
may be found also in many marosopi and lassial phenomena. That is, even the lassial
phenomena are established as a result of the Zeno eet. In other words, this proess may be
the soure that auses, through the remarked repetitions, the realization of many physial
phenomena and not only to their lassialization from any former quantum stage they may
be in. We show in the following that this eet may indeed establish the physial harater
(and not only the lassial properties) of many phenomena.
We show that sine these repetitions are an important fator in onstituting the physial
aspet of real phenomena then the reality of the latter do not depend only on their spei
nature but also on this dense measurement. That is, we expet to nd this Zeno eet
demonstrated in many disiplines of physis, as well as other sienti regimes, as has been
argued in [14℄. This eet has indeed been experimentally found in diverse phenomena [10℄
inluding hemistry [13℄. We have shown its possible existene in both quantum [1, 15, 16,
17, 18℄ and lassial phenomena [19, 20, 21℄ and also in hemial reations [22℄.
One may argue that all the real phenomena, physial, hemial, biologial et do not seem
to obtain their reality from any repetitions at all, so how and in what manner these supposed
iterations beome eetive in the remarked physial validation ?. That is, our physial laws
and phenomena do not appear to result from any dense measurement as desribed here. The
answer is that the relevant repetitions that may establish the physial harater of the real
phenomena are not the time repetitions one usually onnets [2, 10, 11, 12, 13, 14℄ with the
Zeno eet but a spae version of it. That is, in order to appropriately disuss the proess
of physially establishing the new-enountered phenomena we have introdued a new kind
of Zeno eet whih we all spae Zeno eet [4, 17, 18, 20, 23℄. In the last eet, to be
fully disussed in the following hapters, the remarked dense repetitions are done in spae
and not in time so that the relevant ensemble is of related observers (systems) in spae and
not of repeated experiments in time. This eet stands in the basis of the remarked physial
validation of new phenomena as we later show in Chapters 3-5 when we disuss the eet
of the large ensemble of related observers. That is, the repetitions eeted in the physially
establishing proess are not the onventional ones of the time Zeno eet [2, 10, 11, 12, 14℄
that are performed serially in time but those that are done by a large ensemble of observers.
Moreover, the number of observers in the ensemble does no have to be large in order to
aomplish this establishing proess. This may be seen learly from Setion 4.3 (see also [17℄
whih is partly shown in Appendix C2) where we disuss the one-dimensional multibarrier
potential of nite range whih onstitutes a quantum example of the spae Zeno eet in
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whih the barriers in the nite spatial axis represent a one-dimensional version of observers
(systems). One may realize from Figures 2-5 in [17℄, whih are shown also in Appendix C2,
that for both ases of e > v and e < v and for either a onstant or a variable length of the nite
setion, along whih the barriers are arrayed, it is possible to obtain a signiant transmission
of the passing wave even for a 30 potential barriers. This may be seen also for the analogous
lassial one-dimensional multitraps in a nite setion as seen in the relevant papers [20, 21℄
(see these artiles, and espeially their graphs in Appendies C4-C5). This signiant, and
unexpeted, transmission of the partiles (either quantum or lassial) through the barriers
or traps onstitutes the new response (phenomenon) that not only omes into being as a
result of this multi-measuring proess but also may be established by repeating these kinds
of experiments. In summary, one does not have to take the limit of a very large number of
systems (observers) for obtaining this new response and for physially establishing it.
1.2 Time and spae Zeno eets
The remarked repetitions, of either the same experiment or along a large set of dierent
ones, that haraterize the stati and dynami Zeno eets respetively are performed in
time. Thus, an important element of these repetitions is, as remarked, that they must be
done in a nite total time T so that both Zeno eets are obtained in the limit in whih
the number Nt of repetitions in T satises Nt → ∞. It has been shown [4, 23, 24℄ that
the same eet is obtained also when these experiments are performed on a large number of
similar systems oupied in a nite region of spae R instead of repeating it a large number
of times, in a nite total time T , on the same system. The orresponding spae Zeno eet
is obtained [4, 23, 24℄ in the limit when the number of systems Nr ( observers) in R satises
Nr → ∞. We note that what haraterizes both kinds of the Zeno eet is the ontinuous
and uninterrupted experimentation either in time or spae so there is no time (in the total
time) or region (in the total spatial volume) that the system is not interated upon. Thus,
this kind of uninterrupted experimentation in whih the system is not left to itself auses
it to behave dierently, even unexpetedly as will be shown, espeially, in Chapters 3-5.
Moreover, as remarked, the dense measurement ondition not only gives rise to this new
behaviour of the system but may also physially establish it.
We must note that we do not regard eah separate experiment as onstituting an exper-
iment on its own, only the whole array of all these similar experiments, all onned to be
done in a nite region of spae, is onsidered as an experiment. The onlusion obtained is
that in suh a limit, when the magnitude of eah experimental set-up beomes very small
whereas the total volume (in whih all these experiments are performed) does not hange,
we get atually, as remarked, a eld of suh probes (see Setion 1.4 of this work, Bixon in
[13℄, and [26℄). In suh ases it is meaningless to disuss these elds in terms of the separate
points as it is meaningless to treat the eletromagneti eld pointwise. The same is true
also for the time Zeno eet. That is, it is neessary to look upon the whole array of these
elements of measurements, and from suh a perspetive the Zeno eet is obtained not only
theoretially but also experimentally, as has been done for the time Zeno eet by Itano
et al [10℄. Kofman and Kurizki in [10℄ show the existene of this eet with regard to the
exitation deay of the atom in open avities and waveguides using a sequene of pulses on
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the nanoseond sale; see also Raisen in [10℄ for another way of showing experimentally the
Zeno eet, this time in quantum tunnelling.
Thus, we may regard the whole proess, omposed of the large number of repetitions
of the same experiment, as one inseparable proess that should not be deomposed as we
show in the following. This view is related to that adopted, for example, by Gell-Mann-
Hartle-Griths [27, 28, 29℄ in their histories formalism (see Setion 2.2 of this work). In
this formalism only the omplete history is regarded as a physial proess and the separate
parts of it are not onsidered to be redued physial entities on their own. It has been shown
in [1℄, by disussing in terms of Feynman paths [30, 31, 32℄ the three proesses of the EPR
paradox [33℄, the Wheeler's delayed hoie experiment [5℄, and the teleportation phenomenon
[34℄, that the paradox in these proesses arises only from disussing them before they are
omplete. For example, in the EPR proess, we assume that one partile of the two involved
must always have some denite diretion for its spin even before we measure the spin of the
seond partile [33℄; but the EPR experiment is omplete only after the latter measurement
is performed. Thus, the Zeno eet should be disussed on the basis of the entire ensemble
of repetitions without onsidering the partiular experiment that is repeated. This has been
shown in [35℄ by using the geometri struture of the Fubini-Study metri dened on the
projetive Hilbert spae of the quantum system. With the help of this projetive geometry a
quantum Zeno eet has been predited for many types of systems even those desribed by
nonlinear and nonunitary evolution equations, that is, even the linear Shroedinger equation
is not a neessary ondition.
1.3 Single and ensemble of observers
The dierenes between the time Zeno eet and its spae analog onstitute, as remarked,
the important dierenes between the ase when the remarked dense experiments are done by
one observer or by a large number of them [4℄ (where in the last ase no one has to repeat his
spei experiment). That is, the time Zeno eet orresponds to the rst ase and its spae
analog to the seond. In the rst ase one may establish his tested theories for himself but,
as should be obvious, this will not be ommon to other unrelated observers. When, however,
a large ensemble of observers is involved the relevant new phenomenon and its theory will be
physially established, for all of them, without having eah one repeating his experiment so
long as they are related to eah other in the sense that the results of any spei experiment
done by any one of them are valid also for all the others. That is, although only one, from a
large number of observers, does his spei experiment, nevertheless, the relationship among
the ensemble members, to be disussed in details in Chapters 3-5 of this work, ensures that
any other observer that repeat the same experiment under the same onditions obtains the
same results. We show that the more large is the ensemble of related observers that perform
the experiments the more physially established for all of them will be the new phenomenon
and its theory [4℄.
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1.4 Field realization of the Zeno eet
The physial validation of new phenomena due to densely experimenting with a large ensem-
ble of systems that are onned in a nite region of spae neessitates, as remarked in Setion
1.2, to disuss these systems, espeially in the limit of a large number of them, in terms of
elds. That is, when the number of systems inreases whereas the total volume does not
hange the magnitude of eah system beomes very small and we get atually, as remarked,
a eld of them. The known physial elds, suh as the eletromagneti eld, an be regarded
as suh elds of probes as has been done by several authors. Bixon in [13℄ has shown that the
stabilization of the loalized Born-Oppenheimer states [37℄ is due to the surrounding medium
omposed from suh a eld of probes. In his artile Bixon himself regards this stabilizing
eet of the surrounding eld as a manifestation of the Zeno eet, although he regards it as
the onventional time Zeno eet and not its spae analog. Davies [26℄ has likewise treated
the eletromagneti eld as a eld of probes and show that the interation with it auses the
loalized state to aquire lower energy than the extended one, thus stabilizing it. It seems,
therefore, appropriate to use eld formalism in order to disuss this eet. We exploit in the
following both quantum [38, 39℄ and lassial eld [40, 41, 42℄ methods for demonstrating
the possible existene of the Zeno eet in various dierent phenomena.
1.5 Numerial simulations as orresponding to Zeno pro-
esses
An important example in whih the eet of the large ensemble of related systems (observers)
is sharply pronouned is, as shown in [9, 51℄, that of omputer numerial simulations. In
this respet we point out the striking similarity of the remarked repetitions that lead to
establishing and validating of real phenomena to the orresponding numerial repetitions of
many omputer simulations espeially those onerned with nding numerial solutions of
physial problems. For example, the numerial solution of any dierential equation, inlud-
ing those that govern the evolution of physial systems, is obtained only after repeatedly
updating the given dierential equation. Moreover, the larger is the number of these itera-
tions the larger will be the number of samples and the better is the resulting statistis. Thus,
there is a strong orrespondene between the remarked stages of physially establishing a
new phenomenon to the mehanism of numerial simulation [9℄. An important example of
numerial simulations, disussed in [9, 51℄, is related to Internet webmastering [9, 51℄, where
by this term we mean the stages of rst writing the software soures of the websites (by
HTML, Java or other sript) then running these odes to show the relevant websites on the
omputer sreen. We extensively disuss in [9, 51℄ the stages of these numerial simulations
and espeially those related to their ode-writing and onlude from the obtained results
about the orresponding proesses of real phenomena (see espeially [9℄).
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1.6 Sope of this work
This work is omposed of ve hapters, the rst of whih is the present introdution, that
are onneted by the unifying priniple of the Zeno eet. Eah hapter is onstruted
from several setions that may serve as preliminary introdutions to the main alulations
and results that have been published in artiles (see list of publiations at the end of this
work). The relevant papers are shown ompletely or partly in speial Appendies in this
work. The ommon result demonstrated in the ve hapters and their relevant artiles in
the Appendies is that the fator that auses a physial system to rst responds in a dierent,
even unexpeted, manner and then physially establish this new response (new phenomenon)
is, as remarked, the repetitions of experiments embodied in the time and, espeially, in the
spae Zeno eet.
In Chapter 2 we disuss the time Zeno eet in the framework of quantum eld theory.
Setion 2.1 disusses both kinds of the stati and dynami Zeno eets by using the quantum
eld examples analyzed in [25℄ (whih is ompletely shown in Appendix A1). We show by
these examples that experimenting in an uninterrupted manner on the system results in a new
response of it that ours only beause of this kind of experiment. Thus, all one have to do in
order to reonstrut this new response of the system is to perform again dense measurement.
In other words, this kind of experimentation not only gives rise to this new result but also
physially establishes and validates it. We also show that the Zeno proess is responsible
for the ourene of additional eets that do not appear in the absene of the relevant
repetitions [25℄. Setion 2.2 disusses the histories formalism [27, 28, 29℄ in onjuntion with
the Flesia-Piron quantum extension [43℄ of the Lax-Phillips theory [44℄. We show, using
the results of [45℄ whih is shown in Appendix A2, that the histories evolution is stationary
if the orresponding elements of the sequene (ht1 , ht2 , ht3 , . . .), whih denotes the relevant
history in a Lax-Phillips sense [43, 44℄, are determined by the Shröedinger evolution between
innitesimally lose neighbours in this sequene. That is, the stability of the real histories
evolution orresponds to the dynami Zeno eet [11, 12℄. We also show that the stati Zeno
eet is obtained if all the elements of the former sequene are idential so that htk = ht0 for
all k = 1, 2, 3, . . ..
As remarked, the Zeno eet is not restrited only to quantum events but is eetive
also in the lassial regime. This may be realized from [9℄ in whih we apply the stohasti
quantization (SQ) method of Parisi-Wu [42, 46℄ to the programming proess that simulates
physial phenomena. We use in [9℄ the path integral method [30, 31, 32℄ to show the eet
of the remarked repetitive element. For this method the repetitions are eeted through
introduing into the ations S of all the path integrals of the relevant ensemble the same
expression that determines the involved proess. In [51℄ we disuss the Internet websites
without referring to any partiular site. We use for that purpose a statistial mahanis
approah [47, 48, 49, 50℄ that allows us to onsider large lusters of mutually linked sites
[51℄. We obtain similar results to those obtained from the SQ method, disussed in [9℄, and
from the Feynman diagram summation [30, 31, 32℄ of Chapter 2. In all these methods one
obtains, as will be shown, in the limit of a very large number of these repetitions, the known
physial, or numerial, equilibrium situations.
In Chapter 3 we apply the Zeno eet to the general reversible lassial hemial reation
A1 +A2 + . . .↔ B1 +B2 + . . .. We show that in the limit of repeating this reation a large
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number of times one remains with the initial onstituent partiles as if the reation never
happened. That is, one obtains the remarked stati Zeno eet. We have also demonstrated
in Setion 3.3 the possible existene of the dynami Zeno eet in lassial hemial reations.
These results were also numerially demonstrated in Setion 3.4 using the double irular
billiard model [19, 22℄. This numerial billiard model was rst introdued in [19℄ to show the
lassial eets of dense measurement and in Setion 3.4 we use this model for simulation of
lassial reations. The paper [19℄ is ompletely shown in Appendix B1.
In Chapter 4 we disuss the spae Zeno eet in both its quantum and lassial real-
izations. We do this with the help of the Appendies C1, C2, C3 and C4 whih show the
papers or the relevant parts of them that disuss this aspet of the Zeno eet. In Setion
4.2 we show, using [23℄ whih is partly shown in Appendix C1, that the relevant expression
for the spae Zeno eet may be derived analytially [23℄ from that of the time Zeno eet
by replaing, and doing the appropriate hanges, the time variable by the spae one. In
Setion 4.3 we disuss two systems that although appear similar at rst sight they are very
dierent fron eah other sine one is quantum and the other is lassial. We show for both
systems the existene of the spae Zeno eet. The rst one whih is disussed in the papers
[17℄ and [18℄, whih are shown in Appendies C2 and C3 respetively (only Setions 1-2 of
[17℄ is shown in C2), is the quantum one-dimensional multibarrier potential of nite range
and the seond, disussed in [20, 21℄, is the lassial one-dimensional array of imperfet traps
(the papers [20℄, [21℄ are shown in the Appendies C4 and C5 respetively). we have demon-
strated for the rst quantum system also haoti [17, 18℄ and phase transition [52℄ eets.
The existene of the spae Zeno eet for eah system and for both ases of nite and innite
number of barriers or traps in the nite interval is demonstrated. That is, we show analyti-
ally and numerially, for both systems, the somewhat unexpeted result [17, 18, 20, 21℄ that
the larger is the number of barriers or traps the value of either the probability amplitude of
the quantum wave after passing the barriers or the density of the lassial diusing partiles
after going through the traps tends to the initial value before traversing either system.
We have disussed, espeially, these quantum and lassial systems sine they both exhibit
the noted harateristis of the Zeno eet. That is, an uninterrupted experimentation, in
a spatial sense as will be explained in Chapters 4-5, on either one auses them to behave
dierently and unexpetedly ompared to their known behaviours in the absene of these
spatial dense measurement. That is, their known and expeted physial behaviour hanges
to an unexpeted one not beause of hanging the value or the ondition of any physial
parameter related to the experiment but only beause of repeating it in a dense manner. In
other words, the dense repetitions of these known interations hange the known response of
the relevant systems, quantum or lassial, and not only the manner by whih this response
is aomplished. Moreover, as remarked, if we wish to reonstrut this new response any
number of times then all we have to do is to perform eah time this kind of experiment.
Thus, these spatial dense measurement, may be thought of as proesses that establishes and
validates the physial aspet [1℄ of the new responses (new phenomena).
In Chapter 5 we disuss in details the eet of performing experiments by an ensemble
of related observers ompared to the ensemble of unrelated ones or to the ase in whih one
observer is involved. In Setion 5.2 we show the quantum eet of the related ensemble using
the Feynman path method [30℄ and in Setion 5.3 we use for that purpose the relative state
approah of Everett [53, 54, 55℄. In Setion 5.4 we show the lassial eet of the related
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ensemble using thermodynamial onsiderations [4℄.
Chapter 2
Quantum eld theory and the histories
formalism
2.1 Quantum eld theory and dense measurement
We have remarked more than one in Chapter 1 about the importane of ating easelessly,
through repeatedly experimenting, on the physial system whih results in a response that
is dierent from the one obtained when the experiments are not repeated in suh a dense
manner. This kind of repeated experimentation and its unique results have been disussed
in details in [25℄ whih is represented in Appendix A1. In [25℄ we have exploited the powerful
quantum eld theory method of summing Feynman diagrams [38, 39℄ to all orders and adapt
it for disussing quantum Zeno eets. This is done by summing to all orders not the
Feynman diagram of the relevant proess but the n times repetitions of it where the limit of
n→∞ is taken. This generalized summation have been applied in [25℄ for both kinds of the
Zeno eet stati and dynami. Thus, in Setion 2 of [25℄ we use the quantum eld example
of the bubble proess [38, 39℄ for disussing the stati Zeno eet. It has been shown in
[25℄ by taking the summation to all orders of the n times repetitions of the bubble proess
that the probability to remain with the initial state tends to unity when n→∞. By taking
this limit we ensure that the system is interated upon all the time without being left to
itself even for a very short time and this is so not only for the higher order terms of the
relevant Feynman diagrams but also for the lower order terms. That is, we rst sum the basi
Feynman diagrams of the bubble interation n times, where n → ∞, and then we sum to
all orders the Feynman diagram of this n-times repeated proess. By these summations we
ause the system to behave dierently and unexpetedly ompared to its known behaviour in
the absene of these n-times repetitions. In other words, the dense experimentation entailed
by the n times repetitions of some experiment, over a nite time interval, assigns to the
system, in the limit n→∞, new harateristis that auses it to behave dierently from its
behaviour under the same experiment performed one or repeated not in a dense manner.
Moreover, this new behaviour of the system inludes not only the former unity value for the
probability to remain with the initial state but a muh more unexpeted response of it. This
response arises when we express the former probability in the (k, w) representation in whih
ase it may be written as limn→∞( 1(w+iδ)−ǫk )
n
(see Eq (21) in [25℄ and in Appendix A1) where
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ǫk is the exited energy. That is, one obtains from the last expression that there exists a
pole for eah value of w that satises |(w − ǫk)| < 1 and not only for the Hartree value of
(ǫk+Vklkl− iδ) [39℄ whih is obtained when the bubble proess is summed to all orders (Vklkl
is the potential related to this proess [39℄). In other words, the summation of the n times
repetitions of the bubble interation to all orders results, in the limit of n → ∞, in a large
number of poles along a ut.
In Setion III of [25℄ (see also Appendix A1) we use the quantum eld example of the
open-oyster proess [39℄ for disussing the dynami Zeno eet [11, 12℄. We have shown
there that if we take the summation to all orders of the n times repetitions of the open-
oyster proess then the probability to begin at a given initial state and end at another given
one tends to unity in the limit of n → ∞. That is, as in the formerly disussed bubble
proess the dense experimentation entailed by the n times repetitions of it, over a nite time
interval, assigns to the system, in the limit of n → ∞, new harateristis that ause it
to behave dierently from the behaviour expeted when the same experiment is performed
one or repeated not in a dense manner. Moreover, it has been shown in Setion 3 of [25℄
(see also Appendix A1) that sine in the version of the open-oyster proess disussed there
there is no element of repetition whatever, as explained after Eq (32) in [25℄, then there is
also no poles at all (see Eq (32) in [25℄ and in Appendix A1). This is in aordane with
the former disussion of the bubble proess where we nd that the mere repetitions of this
proess results in a ontinuum (ut) of poles.
Note, as remarked, that if the bubble proess itself is disussed without the n times
repetitions of it, as in [39℄, then it results with the Hartree single pole (ǫk + Vklkl − iδ).
Also it is known [39℄ that if the open-oyster proess is disussed in the version in whih the
energy of the leaving partile is the same as that of the entering one then it yields also [39℄
the single pole (ǫk + Vlkkl − iδ) (note the dierene between the potential Vlkkl and that of
the bubble whih is Vklkl (see the disussion in [39℄ and in Appendix A1)). Thus, sine the
kind of the open-oyster proess disussed in Setion 3 in [25℄ (Appendix A1) has no element
of repetition at all then it has also no pole whatever. In other words, we see that the poles
whih are so intimately related to the ourene of physial resonanes and quasi-partiles
[39℄ are enabled through these repetitions. That is, if the proess itself has an element of
repetition suh as the bubble proedure or the open-oyster one in whih the energies of the
leaving and entering partiles are equal then there exists pole in these systems. If these
proesses are disussed in the version in whih they are repeated n times and the Feynman
diagram of these repetitions are summed to all orders then in the limit of n→∞ one nds
a whole ut of poles as found for the bubble proesss of setion 2 in [25℄ (Appendix A1). If,
on the other hand, there is no element of any repetition whatever as in the version of the
open-oyster proess disussed in Setion 3 of [25℄ in whih the energies of the leaving and
entering partiles are dierent then there is also no pole in the system. Thus, we see that
the same system may respond dierently not only to dierent experiments but also to the
presene or absene of repetitions of the same experiment.
In summary, we see, using the eld examples of the bubble and open-oyster proesses,
that summing to all orders the n-times repetitions of the relevant Feynman diagrams one
may establish not only a given initial state (stati Zeno eet [2, 10, 13, 14℄) or a spei
Feynman path of states (dynami Zeno eet [11, 12℄) but also may result in other new
responses that are not obtained in the absene of these repetitions. Moreover, as remarked,
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these iterations also physially establish these new proesses in time. In Chapters 4-5 we
show that these proesses are established also in spae [17, 18, 20, 23℄.
2.2 The histories formalism and dense measurement
We disuss in this setion a eld of histories where by the term history we mean the sequene
into whih a physial proess may be subdivided into its parts (see Appendix A2). The
subdivision may be oarse grained or ne grained [27℄ where a real physial history must be
ne-grained. In [45℄, whih is shown in Appendix A2, we use the histories formalism of Gell-
Mann-Hartle-Griths (GMHG) [27, 28, 29℄ together with the Flesia-Piron [43℄ extension
of the Lax-Phillips theory [44℄ whih disuss resonanes and semi-group evolutions (i. e.,
irreversible proesses) for the lassial sattering of eletromagneti waves on a nite target.
A Lax-Phillips generalized state is dened as [44℄ the sequene (ht1 , ht2 , ht3 , . . .) where eah
element satises htk ⊂ Hk, and Hk is the orresponding Hilbert spae at tk. We onsider the
Flesia-Piron generalization [43℄ of the Lax-Phillips theory and refer to the former sequene as
a GMHG history [27, 28, 29℄ projeted as a result of a large set of orresponding experiments.
We show in [45℄ (see also Appendix A2) that the equilibrium state of this history is obtained
only in the limit in whih it is nely-grained and any two innitesimally lose element of
whih are related by the Shrödinger evolution. We note that the real physial histories must
satisfy these onditions of ne graininess and Shrödinger evolution in order to be real (a
oarse-grained history is only a virtual approximation to the real ne-grained one). Thus, we
see that the real histories behave as if they were formed from a dynami Zeno-type proess
that haraterizes a dense set of experiments whih realizes [11, 12℄ the spei resulting path
of states. The stati Zeno eet is obtained when all the elements of the relevant history are
idential.
Moreover, it is shown in [27, 29℄ that the real physial histories must be only the onsistent
ones [27, 29℄ that are exlusive in the sense that the problemati superposition priniple [5, 29℄
is exluded. Thus, real physial phenomena are onstruted only from single sequenes of
onseutive states and not from the superpositions of suh sequenes. We have shown in [45℄
that these onsistent histories beome stationary in the limit of dense measurement in the
sense of [11, 12℄. That is, also with respet to the onsisteny ondition of GMGH the real
onsistent histories orrespond to the dynami Zeno eet in whih a path of states (history)
beomes realized as a result of performing densely all the spei experiments that redue
the system to these states. In other words, regarding any real phenomenon as omposed
and assembled from a large number of onseutive states we see that its physial reality is
obtained as if it has been established through densely performing the spei experiments
that redue the system to these states. Thus, we see, as remarked, that these repetitions
(along this spei path), whih are the essene of the Zeno eet, orrespond to the physial
realization of real phenomena.
Chapter 3
Chemial reations and the irular
billiard model
3.1 Introdution
1
In this hapter we show the general harater of the Zeno eet [14℄ whih may be present
not only in physial quantum events but also in hemial lassial reations.
The general reversible reations A1 + A2 + · · ·+ Ar ↔ B1 + B2 + · · ·+ Bs, where r and
s are two arbitrary positive natural numbers, have been studied by many authors (see, for
example, [67℄ and referenes therein). These studies disuss, espeially, the eets of the
single reations, or, in ase they are repeated N times, the eet of these repetitions where
the general total time inreases proportionally to N . We an, however, imagine a situation
in whih the rate of these repetitions inreases and disuss the eet of this inrease upon
the reation. Suh an eet has been studied in [68℄ with respet to random walk and it
was shown that when the rate of repeating the random walk beomes very large one obtains
a Brownian motion. It has also been shown [4℄ with respet to a one-dimensional array of
imperfet traps [67, 69℄ that as their number along the same nite interval, beomes very
large, the survival probability [67℄ of the partiles that pass through them tends to unity.
We show in this work that if either diretion of the reation is repeated a large number of
times N in a nite total time T , then in the limit of very large N , keeping T onstant, one
remains with the initial reating partiles of the repeated diretion only.
We use quantum theory methods and terminology as done by many authors that use
quantum formalism for analysing lassial reations (see for example [40℄ and annotated
bibligraphy therein). The most suitable method is the oherent state one [63, 70℄ sine it
allows us to dene simultaneously, as has been remarked in [62℄, the expetation values
of the oherent state onjugate variables Q and P , so that they both may have nonzero
values. Thus, this formalism resembles [62℄ the lassial one and is appropriate for using
it in lassial reations. The use of the oherent states formalism, together with seond
quantization methods, for lassial systems have been studied by Masao [41℄.
1
This hapter was later published with some hanges, after the thesis's submission, under the title "The
eet of inreasing the rate of repetitions of lassial reations" in IJTP, 43, 1169-1190 (2004)
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Now, sine the desribed phenomena and, espeially, the partiles partiipating in the re-
ations are lassial we represent them by real oherent states. That is, we shall represent the
reating and produt partiles by the real oherent states denoted |z>= e− 12 |z|2∑n=∞n=0 zn
(n!)
1
2
|n>,
where z is the real number z = q+p
(2)
1
2
, q and p are two arbitrary real c numbers (the masses
of the reating and produt partiles are assigned, for onveniene the unity value), and
|n> are number representation eigenstates [63℄. We note that although the mathematial
entities and "operators" involved in this method do not onform, as will be shown, to the
known quantum operator formalism, nevertheless we follow, exept for the dierenes, the
onventional denitions and methods of the last theory. The results obtained by applying
this real oherent state formalism for lassial reations are exatly the same as those pre-
viously obtained [16℄ by applying the omplex oherent state methods for quantum optis
reations. Moreover, although the real oherent states formalism entails an evolution oper-
ator (see the following Eq (3.3)) whih is nonunitary and unbounded nevertheless, we show
that the results we obtain are valid also for this kind of operator. That is, we obtain for the
lassial reations the same results that were obtained [16℄ for the quantum partiles whih
are represented by the omplex oherent states [63, 70℄ that entail unitary bounded evolution
operators. Needless to say that one may, obviously, use the onventional omplex oherent
state formalism [63, 70℄ for disussing also lassial reations as has been remarked. Thus,
the salar produt with the onjugate <z|z> is interpreted [41, 61℄ (in aordane with the
onventional interpretation of quantum mahanis) as the probability to nd the system in
the state |z>.
We assume that we have some set of N idential partiles so that the onguration in
whih the ith partile is loated at qi (i = 1, 2, · · · , N) is dened as a state of the system and
denoted, in Dira's notation, |q1, q2, · · · , qN > (|qN >) (for distinguished sets of partiles we
partition the total N system to N1, N2, . . . subsystems). Thus, when representing, in the
following, lassial partiles by states we mean that they are elements of some onguration
of the whole system. Following this terminology we may alulate the probability to nd the
set of partiles in some denite state |qN> as [41℄
F (N)(q1, q2, · · · , qN ; t) =
∑
all permutations of qi
f (N)(q1, q2, · · · , qN ; t),
where f (N)(q1, q2, · · · , qN ; t) is some normalized distribution funtion. To this probability
one assign, as done in [41℄, a state |F (t)>= ∑∞N=0 ∫ dQNF (N)(q1, q2, · · · , qN ; t)|qN>, where∫
dQN =
∫
dqN
N !
(the division by N ! is neessary [41℄ so as not to overount the state |qN >
N ! times). Thus the former probability to nd the system in the state |qN> may be written
as [41℄ F (N)(q1, q2, · · · , qN ; t) =<qN |F (t)>.
In Setion 3.2 we disuss the speial ases of r = s = 1 and r = s = 2, that is, the
reversible reations A↔ B and A1+A2 ↔ B1+B2, and show that repeating either diretion
of eah a large number N of times in a nite total time T results, in the limit of very large N ,
in a unity probability to remain with the initial reating partiles only. The generalization
to any nite r and s follows. As remarked, exatly similar results were obtained also [16℄ for
quantum reations and partiles that are represented by omplex oherent states [63, 70℄.
This has been expliitly shown [16℄ for the ase that these states represent both the optial
point soure and point detetor. It was shown [16℄ that the ross-orrelation [63℄ between
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these points beomes maximal in the limit of repeating a very large number of times the
experiment of deteting the light from the point soure by the point detetor. Similar results
were obtained also for the more realisti ase of an extended light soure that emanates light
from many points whih is deteted by an array of point detetors.
Note that similar results were obtained also for the bubble proess disussed in Chapter 2.
That is, although the bubble proess is a typial quantum eld phenomenon and the former
reations are of the lassial hemial type, nevertheless, under the dense measurement
ondition they are both typial examples of the stati Zeno eet.
We note that sine we disuss the probability to remain with the initial reating parti-
les the produt partiles of suh reations are not relevant (as the reating ones) to our
disussion. In Setion 3.3 we disuss the more general and natural ase in whih the produt
partiles are relevant. That is, we assume that the partiles of the ensemble interat at dif-
ferent plaes and times and that they begin from some given initial onguration of reations
and end at a nal dierent one. We alulate the probability that a speied system of re-
ating partiles evolves along a presribed path of reations, from a large number of dierent
paths that all begin at the given initial onguration, end at the nal one and are omposed
of intermediate onseutive dierent ongurations of reations. We note that suh paths of
states for the diusion ontrolled reations have been disussed in [41, 42, 61℄ where use
was made of quantum eld theory methods [38, 39℄, inluding Wik's theorem [38, 39℄, to
derive the lassial Feynman diagrams. These methods were also used in [61℄ for hemial
kinetis. We show that taking the limit of a very large number N of reations along the
presribed path and performing them in a dense manner one obtains a unity value for the
probability of evolution along that path.
Note that similar results were obtained also for the open-oyster proess disussed in
Chapter 2. That is, although the last proess is a typial quantum eld phenomenon and
the reation disussed in Setion 3.3 is of the lassial hemial type, nevertheless, they are
both, under the dense measurement ondition, typial examples of the dynami Zeno eet.
In Setion 3.4 we use a numerial model that has been used in [19℄ for showing the eet
of dense measurement on lassial systems. This is the model of two dimensional onentri
billiard [19℄ that is used here to numerially simulate the reversible reation A+B ↔ A+C.
The two possible modes of reetions inside the billiard, either between the two onentri
irles or between points of the outer irle, represent the two diretions of the reation.
We note that nulear and radioative reations are well simulated by billiards in whih the
stationary sattering irles represent the interations between partiles (see, for example,
[71℄ in whih a model of a retangular billiard with a irle inside was used to disuss the
deay law of lassial systems). We show that if either diretion of the reation A+B ↔ A+C
is repeated a large number of times N in a nite total time then in the limit of very large
N the result obtained, as will be explained, is as if no repetition is involved at all. That
is, the very large number of repetitions in the same diretion of the reation, where the
opposite diretion ours at some prexed lower rate, has an eet as if the high rate repeated
reation did not our. This is exatly what we obtain analytially in Setions 3.2 and 3.3
where the large number of repetitions of either diretion of the general reversible reation
A1+A2+ · · ·Ar ↔ B1+B2+ · · ·+Bs results in remaining, with a unity probability, with the
initial reating partiles only as if the repeated reation did not our at all. The paper [19℄
in whih we disuss the onentri billiard model in relation to dense measurement is shown
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in Appendix B1. Note that in this paper we take the fundamental trajetory as the one
that begins from some point, reeted at a seond point and ends at a third one (that may
be idential to the rst). Here this trajetory is taken to be that between two onseutive
reetion points thus it is, due to the elasti reetion, only half in length ompared to the
rst. The nal outome do not depends on suh dierene.
3.2 The reversible reation A1 + A2 + · · ·Ar ↔ B1 + B2 +
· · · +Bs
We disuss rst the spei ase of r = s = 1 and note, as we have remarked, that sine
we alulate the probability to remain with the initial reating partiles the produt part of
the reation is not essential to the following disussion, as will be shown. Nevertheless, we
take in this setion the spei examples of r = s = 1 and r = s = 2 and begin with the
rst reation, that is, A↔ B where A and B are, as noted, represented by the two oherent
states [63℄
|zA>= e− 12 |zA|2
n=∞∑
n=0
znA
(n!)
1
2
|n> (3.1)
|zB>= e− 12 |zB|2
n=∞∑
n=0
znB
(n!)
1
2
|n>
Using the following general equation for any two operators X and Y
eYXe−Y = X + [Y,X ] +
1
2!
[Y, [Y,X ]] + · · · ,
where [Y,X ] is the ommutation [Y,X ] = Y X −XY , one obtains
U(q, p)(αP + βQ)U−1(q, p) = α(P + p) + β(Q+ q) (3.2)
The α, β are arbitrary parameters, U(q, p) and U−1(q, p) are given respetively by U(q, p) =
epQ−qP , U−1(q, p) = U(−q,−p), and Q, P are the oherent state operators that satisfy
[Qi, Pj] = δij . That is, U(q, p) translates the operators Q and P by q and p respetively. Now,
sine the oherent states has been dened, as remarked, in terms of the number representation
eigenstates (see Eq (3.1)) we write the time evolution operator of the relevant states as eNt,
where N is the number operator [63℄ (note that sine we disuss in this paper real oherent
states the evolution operator is real also).
N = a†a = (
Q− P√
2
)(
Q + P√
2
) =
1
2
(Q2 − P 2 + 1)
N is dened analogously to the orresponding operator of the omplex oherent state for-
malism [63, 70℄ but without the omplex notation i in the middle expression. Note that the
operator N is not positive denite and this to remind us, as remarked, that the real oherent
state formalism disussed here does not onform to the onventional quantum operator pro-
ess. Nevertheless, as remarked, the nal results obtained here are exatly the same as those
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aepted in [16℄ from the quantum omplex oherent state formalism. The ommutation
[Qi, Pj] = δij has been used in the last equation. Applying the operator N on the oherent
state |z> from Eq (3.1), and taking the salar produt of the result with the onjugate state
<z| one obtain (using <n|eNt|m>= entδnm, sine in the number representation the operator
N is diagonal)
<z`|eNt|z>= exp(−1
2
|z|2 − 1
2
|z`|2)
n=∞∑
n=0
(z`etz)n
n!
=
= exp(−1
2
|z|2 − 1
2
|z`|2 + z`etz) =<z`|etz>= (3.3)
=<z`|(cosh t+ sinh t)z>=<q`, p`|qt, pt>
The last result is obtained by writing z in terms of q, p in whih we have
qt = q(cosh t+ sinh t), pt = p(cosh t + sinh t) (3.4)
We, now, alulate, using Eq (3.3), the probability p(|qA, pA >) to remain with the initial
partile A after the reation A → B where the partile B is represented by the oherent
state eNt|zA>. This is given by
<zA|eNt|zA>=<qA, pA|qAt, pAt>= exp(−
1
4
(qA + pA)
2 −
−1
4
(qAt + pAt)
2)
m,n=∞∑
m,n=0
(qA + pA)
m(qAt + pAt)
n
2
m+n
2 (m!n!)
1
2
<m|n>=
= exp(−1
4
(pA + qA)
2 − 1
4
(pAt + qAt)
2)
n=∞∑
n=0
(qA + pA)
n(qAt + pAt)
n
2nn!
=
= exp(−1
4
(pA + qA)
2 − 1
4
(pAt + qAt)
2 +
1
2
(qA + pA) · (3.5)
·(qAt + pAt)) = exp(−
1
4
(pA + qA)
2 − 1
4
(pA + qA)
2(cosh t + sinh t)2 +
+
1
2
(qA + pA)
2 · (cosh t+ sinh t)) = exp(−1
2
(pA + qA)
2(
1
2
+
+
1
2
(cosh t+ sinh t)2 − (cosh t+ sinh t)))
Note that sine we disuss oherent states the interpretation [63℄ of the expression<zA|eNt|zA>
is the probability to nd the mean position and momentum of the oherent state eNt|zA>,
whih represents B, equal to those of zA, whih represents A, and this probability is equiv-
alent in our disussion to remaining with the partile A. From Eq (3.5) one obtains the
probability to remain with the initial partile A after a single reation A → B. If it is
repeated n times in a nite total time T one obtains (using n = T
δt
, where δt is the duration
of eah reation)
pn(|qA, pA>) = exp(− T
2δt
(pA + qA)
2(
1
2
+
1
2
(cosh δt+ (3.6)
+ sinh δt)2 − (cosh δt + sinh δt)))
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In the limit of very large n (very small δt) we expand the hyperboli funtions in a Taylor
series and keep terms up to seond order in δt. We obtain
pn(|qA, pA>) = exp(− T
2δt
(pA + qA)
2(
1
2
+
1
2
(1 + 2δt2 + 2δt)−
−(1 + δt
2
2
+ δt)) = exp(− T
4δt
(pA + qA)
2δt2) = (3.7)
= exp(−T
4
(pA + qA)
2δt
Thus, we obtain in the limit n→∞ (δt→ 0)
lim
n→∞ p
n(|qA, pA>) = lim
δt→0
exp(−T
4
(pA + qA)
2δt) = 1 (3.8)
Now, although we refer in the former equations to the diretion A → B all our disussion
remains valid also for the opposite one B → A. That is, repeating either side of the reation
A↔ B a large number of times n in a nite total time T results, in the limit of very large
n, in remaining (with probability 1) with the initial partile of the repeated diretion of the
reation.
We, now, disuss the reversible reation A+B ↔ C +D in whih we have two reating
partiles. We ontinue to use the number evolution operator N and take into aount that
the initial partiles A and B interat. Thus, representing these partiles as the oherent
states |qA, pA > and |qB, pB > we write, for example, the left hand side diretion of the
former reversible reation A+B → C +D as
exp((NA +NB + PAPB +QAQB)t)|qA, pA> |qB, pB>= |qC , pC> |qD, pD>, (3.9)
where the terms QAQB and PAPB represent, as for the boson partiles disussed in [63℄, the
interation of the partiles A and B, and NA, NB are the number operators for them. Note
that, as for the reation A↔ B (see the disussion after Eqs (3.4) and (3.5)), the operation
of the evolution operator, whih is now more ompliated due to the interation between A
and B, on the oherent state |qA, pA > |qB, pB > is represented by |qC , pC > |qD, pD >. We
alulate, now, the probability that the reation A +B → C +D results in remaining with
the initial partiles A and B only (we denote this probability by p(|qB, pB> |qA, pA>)).
p(|qB, pB> |qA, pA>) = (3.10)
=<qB, pB| <qA, pA| exp((NA +NB + PAPB +QAQB)t)|qB, pB> |qA, pA>
Using Eqs (3.1), (3.3) and the following oherent states properties [63℄ <q, p|Q|q, p>= q,
<q, p|P |q, p>= p (derived by using the operator U from Eq (3.2) and the relation N |0, 0>=
0) we obtain
p(|qB, pB> |qA, pA>) = exp((qAqB + pApB)t) ·
· <qB, pB| <qA, pA|qBt , pBt> |qAt , pAt>= exp((qAqB + pApB)t) ·
· exp(−1
4
(qA + pA)
2 − 1
4
(qB + pB)
2 − 1
4
(qAt + pAt)
2 − 1
4
(qBt + pBt)
2) ·
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·
m,n=∞∑
m,n=0
(qA + pA)
m(qAt + pAt)
n
2
m+n
2 (m!n!)
1
2
<m|n>
s,r=∞∑
s,r=0
(qA + pA)
s(qAt + pAt)
r
2
s+r
2 (s!r!)
1
2
·
· <s|r>= exp((qAqB + pApB)t) exp(−1
4
(qA + pA)
2 − 1
4
(qB + pB)
2 −
−1
4
(qAt + pAt)
2 − 1
4
(qBt + pBt)
2)
n=∞∑
n=0
(qA + pA)
n(qAt + pAt)
n
2nn!
· (3.11)
·
r=∞∑
r=0
(qA + pA)
r(qAt + pAt)
r
2rr!
= exp((qAqB + pApB)t) exp(−1
4
(qA + pA)
2 −
−1
4
(qB + pB)
2 − 1
4
(qAt + pAt)
2 − 1
4
(qBt + pBt)
2 +
1
2
(qA + pA)(qAt + pAt) +
+
1
2
(qB + pB)(qBt + pBt)) = exp(
1
2
(cosh t + sinh t)((qA + pA)
2 + (qB + pB)
2)−
−1
4
(1 + (cosh t+ sinh t)2) · ((qA + pA)2 + (qB + pA)2) + (qAqB + pApB)t)
This is the probability to remain with the original partiles A and B after one reation.
Repeating it a large number of times n in a nite total time T , where n = T
δt
(δt is the time
duration of one reation) one obtains for the probability to remain with A and B.
P n(|qB, pB> |qA, pA>) = exp(T
δt
((qAqB + pApB)δt+
+(
1
2
(cosh δt+ sinh δt)− 1
4
(1 + (cosh δt+ sinh δt)2)) · (3.12)
·((qA + pA)2 + (qB + pB)2)))
In the limit of very large n we expand the hyperboli funtions in a Taylor series and retain
terms up to seond order in δt. Thus,
P n(|qB, pB> |qA, pA>) = exp(T
δt
((qAqB + pApB)δt+ (
1
2
(1 +
δt2
2
+
+δt)− 1
4
(2 + 2δt2 + 2δt))((qA + pA)
2 + (qB + pB)
2))) = (3.13)
= exp(T ((qAqB + pApB)− δt
4
((qA + pA)
2 + (qB + pB)
2)))
Taking the limit of n→∞ (δt→ 0) we obtain
lim
n→∞P
n(|qB, pB> |qA, pA>) = exp(T (qAqB + pApB)) (3.14)
The last probability tends to unity when the c-numbers of either A or B (or both) are
zeroes, that is, when A or B (or A and B) are in their ground states (in whih ase they
are represented by only the rst term of the sums in Eqs (3.1)). Needless to say that all the
former disussion remains valid also for the opposite diretion A + C → A + B. Thus, we
onlude that when either diretion of the reversible reation A+B ↔ C +D is repeated a
large number of times n in a nite total time and when at least one of the reating partiles
was in the ground state so that its c-numbers are zeroes one obtains, in the limit of very
large n, a result as if the repeated reation did not our at all.
CHAPTER 3. CHEMICAL REACTIONS AND THE CIRCULAR BILLIARD ..... 26
It an be shown that the general reversible reation A1+A2+ · · ·Ar ↔ B1+B2+ · · ·+Bs,
where r, s are any two positive natural numbers, also results in a similar outome if at least
one of the reating partiles has zero c numbers. We note that the last ondition is not
neessary when we begin with only one reating partile as we see from the reation A↔ B.
3.3 The probability to nd given nal onguration dif-
ferent from the initial one
We now disuss the more general and natural ase in whih we have an ensemble of partiles
and we alulate the probability to nd at the time t a subsystem of this ensemble at some
given onguration if at the initial time t0 it was at another given onguration. We assume
that the orresponding time dierene (t− t0) is not innitesimal and that during this time
the subsystem has undergone a series of reations. The passage from some reation at some
intermediate time ti to the neighbouring one at the time (ti+δt) is governed by the orrelation
between the orresponding resulting ongurations of the subsystem at these times. Thus,
restriting, for the moment, our attention to the ase in whih a partile in the subsystem
that was at the time t0 in the state A and at the time (t0+δt) in B we an write the relevant
orrelation [63℄ between these two states as
τ(A,B; t0A , (t0 + δt)B) =<qAt0 , pAt0 |qBt0+δt , pBt0+δt>, (3.15)
where |qAt0 , pAt0 > and |qBt0+δt , pBt0+δt> are the oherent states that represent the partiles
A and B at the times t0 and t0+δt respetively (see Eqs (3.3)-(3.4)) and the angular brakets
denote an ensemble average over all the partiles of it. We note that if A = B, τ measures [63℄
the autoorrelation of either the partile A or B, and when A 6= B τ is the rossorelation
[63℄ of the two partiles. It an be shown, using Eqs (3.1) and (3.15) that the following
relation
|τ(A,B; t0A , (t0 + δt)B)|2 = τ(A,A; t0A, t0A)τ(B,B; (t0 + δt)B, (t0 + δt)B), (3.16)
is valid. That is, the modulus of the rossorrelation of the partiles A and B at the times
t0 and (t0 + δt) equals the produt of the autoorrelation of the partile A at the time t0 by
that of B at the time (t0+ δt). The last relation is interpreted [63℄ as the probability density
for the ourene of the reation A→ B at the time (t0+ δt). That is, given that the system
was in state A at the time t0, the probability to nd it at the time (t0 + δt) in state B
is given by Eq (3.16). We an generalize to the joint probability density for the ourene
of n dierent reations between the initial and nal times t0 and t, where eah involves two
dierent partiles and is of the kind Ai → Ai+1. That is, eah reation is omposed of two
parts; the rst one is that in whih a partile of the subsystem is observed at the time ti to
be in state Ai, and the seond that in whih it is observed at the time ti + δt to be in the
state Ai+1. Thus, the total time interval (t − t0) is partitioned into 2n subintervals during
whih the n reations our. The total orrelation is
|τ(A1, A2, · · · , A2n; t0, t0 + δt, · · · , t)|2 = τ(A1, A1; t0, t0) ·
·τ(A2, A2; t0 + δt, t0 + δt) · · · τ(A2n, A2n; t, t) = (3.17)
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=
k=2n−1∏
k=0
τ(Ak+1, Ak+1; t0 + kδt, t0 + kδt) =
k=n−1∏
k=0
τ(A2k+1, A2k+1; t0 +
+2kδt, t0 + 2kδt) · τ(A2k+2, A2k+2; t0 + (2k + 1)δt, t0 + (2k + 1)δt) =
=
k=n−1∏
k=0
|τ(A2k+1, A2k+2; t0 + 2kδt, t0 + (2k + 1)δt)|2
The last result was obtained by using Eq (3.16). By the notation A2n we mean, as remarked,
that there are n separate reations that eah involves two states (and not 2n dierent par-
tiles). Now, it has been established in the previous setion, for either diretion of the
reversible reation A↔ B, that the probability to remain in the initial state A (or B) tends
to unity in the limit of a very large number of repetitions, in a nite total time, of A → B
(or B → A) whih amounts to performing eah suh reation in an innitesimal time δt.
That is, in this limit of vanishing δt eah fator of the last produt in Eq (3.17), whih is the
probability for the reation Ai → Ai+1, tends to unity and with it the joint probability for
the ourene of the n reations. Thus, the spei presribed path of reations is followed
through all of them with a probability of unity.
From the last disussion we may obtain the joint probability density for the ase in whih
some of the n intermediate reations may be of the more general kind A1 +A2 + · · ·+Ar →
B1 + B2 + · · · + Br, where r is an arbitrary natural positive number. That is, at some of
the 2n times there may our, in a simultaneous manner, r dierent reations at r dierent
plaes eah of the kind A → B. Thus, we assume that r partiles in the subsystem that
were at the time t0 + iδt in the states Aj (j = 1, 3, 5, · · · , 2r − 1) were observed at the time
(t0 + (i + 1)δt) to be in the states Aj+1 (j + 1 = 2, 4, 6, · · · , 2r). We assume that at eah
of the other intermediate times there happen only one single reation Ai → Ai+1. Thus,
there are (n + r − 1) reations eah of them ours between two partiles. In this ase the
orresponding total oherene among all these reations is
τtotal = τ(A1, A2, · · · , Ai+1, Ai+2, · · · , Ai+2r, · · · , A(2n+2r−2); t0, t0 + δt, · · ·
· · · , t0 + iδt, t0 + (i+ 1)δt, · · · , t0 + iδt, t0 + (i+ 1)δt︸ ︷︷ ︸
r
, · · · , t),
where the underbrae denotes that the r partiles observed at the time (t0 + iδt) as Aj
(j = 1, 3, · · · , 2r − 1) were seen to be at the time t0 + (i + 1)δt as Ak (k = 2, 4, · · · , 2r) (in
the former equation we use the index i for A). Again the notation A(2n+2r−2) means that we
have (n + r − 1) reations eah involving, as remarked, two states. Using Eqs (3.16)-(3.17)
and the former equation for τtotal we nd that the joint probability to nd at the time t the
relevant subsystem at the given nal onguration after the ourene of these (n + r − 1)
reations is given by
|τtotal|2 = τ(A1, A1; t0, t0)τ(A2, A2; t0 + δt, t0 + δt) · · · τ(Ai+1, Ai+1; t0 +
+iδt, t0 + iδt) · τ(Ai+2, Ai+2; t0 + (i+ 1)δt, t0 + (i+ 1)δt) · · ·
· · · τ(Ai+2r−1, Ai+2r−1; t0 + iδt, t0 + iδt) · τ(Ai+2r, Ai+2r; t0 + (i+ 1)δt, t0 +
+(i+ 1)δt) · · · τ(A(2n+2r−2), A(2n+2r−2), t0 + 2nδt, t0 + 2nδt) =
=
k=n−1∏
k=0
τ(A2k+1, A2k+1; t0 + 2kδt, t0 + 2kδt)τ(A2k+2, A2k+2; t0 +
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+(2k + 1)δt, t0 + (2k + 1)δt) ·
r−1∏
j=1
τ(Ai+j , Ai+j; t0 + iδt, t0 + iδt) · (3.18)
·τ(Ai+j+1, Ai+j+1; t0 + (i+ 1)δt, t0 + (i+ 1)δt) =
k=n−1∏
k=0
|τ(A2k+1, A2k+2; t0 +
+2kδt, t0 + (2k + 1)δt)|2
j=r−1∏
j=1
|τ(Ai+j , Ai+j+1; t0 + iδt, t0 + (i+ 1)δt)|2
The rst produt of the last result is the same as that of Eq (3.17) and the seond takes
aount of r−1 simultaneous reations at the time (t0+(i+1)δt) (the rst produt involves
also one of the r simultaneous reations at the time (t0 + (i + 1)δt)). Eah of the reations
in both produts is of the kind A → B, and it has been shown in the former setion (see
also the disussion after Eq (3.17)) that the probability to remain with the initial partile A
tends to unity in the limit in whih the time duration of it beomes innitesimal. That is, in
this limit in whih the time alloted for eah reation A→ B beomes very small eah fator
of eah produt of Eq (3.18), and with it the whole expression, tends to unity. If any partile
A of the subsystem does not reat with any other partile at some of the 2n intermediate
times then we may denote its no-reation at these times as A → A and the probability for
it to remain in the initial state (whih is the same as the nal one) is obviously unity.
Thus, we see that the probability to nd at the time t the given ensemble of partiles
at some presribed onguration obtained after following a given path of reations (from a
large number of possible paths) tends to unity if the onstituent reations are performed in
a dense manner.
3.4 Billiard simulation of the reversible reation A+B ↔
A + C
We, now, numerially show that this kind of dense reations, desribed in the former setions,
may yield similar results as the former analytial ones. This is shown for the reversible
reation A + B ↔ A + C. We simulate this reation by using the two-dimensional irular
billiard [19℄ whih is omposed of two onentri irles. We assume that initialy we have a
large ensemble of idential point partiles eah of them is the omponent A of the reation.
All of these partiles are entered, one at a time, into the billiard in whih they are elastially
reeted by the two onentri irles. That is, the angles before and after eah reetion are
equal. We assume that on the outer irle there is a narrow hole through whih the partiles
A leave the billiard. One a partile is ejeted out a new one is entered and reeted inside the
billiard untill it leaves and so for all the partiles of the ensemble. There are two dierent
possible kinds of motion for eah point partile A before leaving the billiard; either it is
reeted between the two oentri irles or, when the angle of reetion is large, reeted
by the outer irle only without touhing the inner one. Now, sine both motions are elasti
eah partile A, one it begins its reetions in either kind of motion, ontinues to move only
in this kind untill it leaves through the narrow opening. The omponent B of the reation
denotes the outer larger irle, and the omponent C denotes both irles. That is, the left
hand side A +B of the reation signies that the point partile A moves inside the billiard
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Figure 3.1: A shemati representation of
the onentri irular billiard that simulates
the reversible reation A + B ↔ C + D. A
narrow opening is assumed to exist on the
outside larger irle through whih the par-
tiles leave the billiard.
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Figure 3.2: The dashed urve shows the a-
tivity obtained when all the 106 partiles of
the ensemble are allowed to be only in state
2, in whih they are reeted between points
on the outer irle only. The dashdot urve
is the ativity when all these partiles are
allowed to move only in state 1 (between
the two irles). For the values assigned
here to the outer and inner irles (6 and
3) the dashed (dashdot) urve is the maxi-
mum (minimum) ativity. The solid urve
shows the ativity obtained when the par-
tiles in either state pass to the other after
every 1100 reetions. The x axis speies
time binned in units of 60.
and is reeted by the outer irle only, whereas, the right hand side of it A+C denotes the
seond kind of motion in whih the point balls A are reeted between the two irles. We
all these two kinds of paths states [19℄, so that the path that touhs both irles is state
1 and the one that thouhs the outer irle only is state 2. This billiard model was studied
in [19℄ as an example of a lassial system that behaves the same way quantum systems do
when exposed to a large number of repetitions, in a nite total time, of the same experiment
[2, 10, 11, 12, 14℄. The onentri billiard is, shematially, represented in Figure 3.1.
Now, sine in suh a system we an not follow the path of eah partile and an not dif-
ferentiate between the two kinds of motion we have to onsider, as done for the nulear and
radioative proesses [71℄, the ativities of these partiles in either path. That is, the rate at
whih the entire ensemble of partiles, being at either state, leaves the billiard. We assume
for the ativity disussed here, as is assumed [71℄ for the nulear and radioative's ativities,
that eah partile A enjoys arbitrary initial onditions, so in the following numerial simu-
lations we assume that it may begin its journey inside the billiard at either state whih
is determined randomly using a random number generator. As remarked, we want to show,
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numerially, that if either side of this reversible reation A+B ↔ A+C is repeated a large
number of times N in a nite total time T , then, in the limit of very large N , the ativity
obtained is the same as the natural ativity [19℄ that results when no suh repetitions are
done [19℄. For that matter, we take into aount that the reversible reations that our in
nature have either equal or dierent rates for the two diretions of the reations and that
the total ativity of suh ensemble in whih these reations happen depend ritially upon
these rates [71℄. If, for example, we onsider the equal rate ase then we have to disuss the
rate of evauation of the billiard when eah partile is allowed, after a prexed number of
reetions in either state, to pass, if it is still in the billiard, to the other one. This ativity
is shown by the solid urve in Figure 3.2 in whih the ordinate axis denotes the number of
partiles A that leave the billiard in presribed time intervals binned in units of 60 [71℄. We
assume [71℄ that eah point partile A in either state moves with the same speed of 3, and
the hole through whih they leave has a width of 0.15. We denote the outer and inner radii
of the billiard by r1 and r2 respetively, and assign them the values of r1 = 6 and r2 = 3.
The initial number of the partiles A was 106, and eah one of them passes from one state
to the other, if it did not leave the billiard through the hole, after every 1100 onseutive
reetions. We note that this rate of one passage for every 1100 reetions is typial and
ommon for these kinds of billiard simulations [71, 72℄. The natural ativity is obtained,
as remarked, when the entire ensemble of 106 partiles A enter, one at a time, the billiard
at the same denite state and remain all the time in this state without passing to the
other until they leave the billiard. The dashed urve in Figure 3.2 shows this natural ativity
when all the partiles A are in state 2 in whih they are reeted only between points of
the outer irle untill they leave the billiard. The dash-dot urve shows the ativity when
all the partiles A are in state 1 in whih they are reeted only between the two irles.
It has been found that for the values assigned here to the radii of the outer and inner irles
(6 and 3) the ativity of state 2 shown by the dashed urve is the maximum avilable and
that of state 1 shown by the dashdot urve is the minimum. The large dierene between
the two ativities has its soure in the range of the allowed angles of reetions whih is
muh larger in state 2 than in state 1. This is beause the minimum trajetory between two
neighbouring reetions in state 2, where the partiles A are reeted between points of the
outer irle only, may be innitesimal ompared to the orresponding trajetory in state 1
whih is (we denote the trajetories between neighbouring reetions in states 1 and 2 by d1
and d2 respetively) d1min = r1−r2. For the values assigned here to the radii r1 and r2 of the
two onentri irles (r1 = 6 and r2 = 3) d1min = 3. We note that the maximum trajetory
between two neighbouring reetions in state 2 is equal to the orresponding one in state 1,
that is
d1max = d2max =
√
r21 + r
2
2
Thus, the partiles in A have many more possibilities to be reeted to the hole and leave
the billiard in state 2 than in state 1 and, aordingly, their ativity is muh larger. The
solid urve in Figure 3.2 is, as remarked, the ativity obtained when the partiles A are
transferred between the two states at the rate of one passage for every 1100 reetions and
so, as expeted, its ativity is between the two other ativities shown in Figure 3.2.
We numerially interfere with the rate of the systemati passage of the point partiles A
between the two states suh that this rate is aelerated. It is found that the ativity of the
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entire ensemble is diretly (inversely) proportional to the rate of the passage from state 1
(2) to state 2 (1) when the opposite passage from state 2 (1) to state 1 (2) remains at the
rate of one for every 1100 reetions. Thus, we have found that when the partiles in state
1 (2) are transferred to state 2 (1) at the maximum rate of one passage after eah single
reetion and the partiles in state 2 (1) are passed to the state 1 (2) at the rate of one for
every 1100 reetions then the ativity of the partiles A is maximal (minimal). But as we
have remarked the maximal (minimal) ativity is obtained only when eah partile of the
entire ensemble is always in state 2 (1). In other words, as we have remarked, a very large
number of repetitions of the left (right) diretion A+B → A+ C (A+ C → A+B) of the
reation where the right (left) diretion A + C → A + B (A + B → A + C) ours every
1100 reetions, yields a result as if the densely repeated reation never happened and the
ativity obtained is the natural one in whih no repetition is present. The dashed urve in
Figure 3.3, whih is the same as the dashed one of Figure 3.2, shows the ativity obtained
when all the 106 partiles A of the ensemble are allowed to move only in state 2 until they
leave the billiard. The solid urve is the ativity obtained when the reation A+C → A+B
is repeated after eah single reetion and the opposite one A+B → A+C after every 1100
reetions.
It is seen that the urves of Figure 3.3 are similar to eah other. That is, the results
obtained are in aordane with the former setions where a large number of repetitions of
the reation yields a result that haraterizes the ativity obtained in the absene of suh
repetitions. This is seen, in a muh more lear way, in Figure 3.4 for the other diretion
A+B → A+C of the reation. The apparent single graph of the gure is atually omposed
of two urves; one solid and the other dashed. The solid urve shows the ativity obtained
when the reation A + B → A + C is repeated after eah single reetion and the opposite
one A + C → A + B after every 1100 reetions. The dashed urve, whih is idential to
the dash-dot one from Figure 3.2, is the ativity obtained when all the partiles A of the
ensemble are onstrained to move only in state 1 until they leave the billiard. Note that the
two urves are almost the same exept for the longer tail of the dashed urve.
From both Figures 3.3 and 3.4 we realize that the large number of repetitions of either
diretion of the reversible reation A + B ↔ A + C has the eet as if it has not been
performed at all and the atual ativity obtained is that of the natural one that does not
involve any repetitions.
We note that as the analytial results are obtained in the limit of the largest number
(atually innite) of repetitions so the similar numerial results are obtained in the limit
of the largest number of repetitions of the reation. That is, of numerially repeating it
after eah single reetion. In other words, a mere high rate (whih is not the maximal)
of one side of the reation ompared to the slow one is not enough to produe the results
shown in Figures 3.3-3.4. This is learly shown by the solid urve in Figure 3.5 whih shows
the ativity obtained when eah partile in state 1 is passed to state 2 after every two
onseutive reetions (the high frequeny reation) whereas those of state 2 are passed
(one at a time) after every 1100 reetions (the low frequeny reation).
Note that the solid urve in Figure 3.3 shows the ativity obtained when the partiles in
state 1 are passed to state 2 after eah reetion and those of 2 passed to 1 after every
1100 reetions. That is, although the two high rates represented by the two solid urves
in Figures 3.3 and 3.5 are almost the same nevertheless the resulting ativities, ontrary to
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Figure 3.3: The dashed urve, whih is the
same as the dashed urve of Figure 3.2 (they
look slightly dierent sine the abissa axes
of these gures are dierent), shows the a-
tivity obtained when all the 106 partiles A
of the ensemble are numerially onstrained
to be only in state 2 until they evauate
the billiard. State 1 is not allowed for them.
The solid urve is the ativity obtained when
eah partile in state 1 is passed to state
2 after eah single reetion, whereas those
in state 2 pass to the opposite one only af-
ter every 1100 reetions. As for Figure 3.2
the abissa axis denotes time binned in units
of 60. Note the similarity between the two
urves.
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Figure 3.4: The apparently one urve shown
in the gure is atually two urves one
dashed and the other solid. The dashed
urve, whih is the same as the dashdot
urve of Figure 3.2, shows the ativity ob-
tained when all the 106 partiles A of the
ensemble are numerially onstrained to be
only in state 1 until they evauate the bil-
liard. State 2 is not allowed for them. The
solid urve is the ativity obtained when
eah partile in state 2 is passed to state
1 after eah single reetion, whereas those
in state 1 pass to the opposite one only af-
ter every 1100 reetions. As for Figure 3.2
the abissa axis denotes time binned in units
of 60. Note that the two urves are almost
idential (the dashed urve has a longer tail
(for large t) than the solid one).
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Figure 3.5: The dashed urve, whih is the same as the
dashed urve of Figure 3.3, shows the ativity obtained
when all the 106 partiles A of the ensemble are moving
inside the billiard only in state 2 until they are evau-
ated outside of it. State 1 is not allowed for them. The
solid urve is the ativity obtained when eah partile in
state 1 is passed to state 2 after every two reetion,
whereas those in state 2 pass to the opposite one only
after every 1100 reetions. Note that although the two
solid urves of Figures 3.3 and 3.5 are obtained under
almost the same onditions the ativities are very dier-
ent (see text). As for all the former gures the abissa
axis denotes time binned in units of 60.
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what one may expet, are very dierent. That is, that of Figure 3.3 is muh higher than
that of Figure 3.5 as may be seen from the solid urve that begins at t = 60 (note that our
abissa axis is binned in units of 60) from the high value of 5.65 · 105 and ends at t = 360.
The orresponding solid urve of Figure 3.5 begins at t = 60 at the muh smaller value
of 4.45 · 105 and ends at the later time of t = 420. That is, by only inreasing the rate
of repeating the same reation from one for every two reetions to one for eah reetion
results in an additional 120000 partiles that leave the billiard already at the rst binned
time unit. The two dashed urves of Figures 3.3 and 3.5 are idential and denote the same
ativity obtained when all the 106 partiles A of the ensemble are numerially onstrained to
be only in state 2 until they evauate the billiard. Thus, as remarked, the important fator
that auses a result of maximum ativity is the highest possible rate and not merely a large
ratio between the higher and slower frequenies. This is in aord with the analytial results
obtained in Setions 3.2 and 3.3 in whih the largest rate (atually innite) of repeating the
same diretion of the general reversible reation A1 + A2 + · · ·Ar ↔ B1 + B2 + · · · + Bs,
where r, s are any two arbitrary natural positive numbers, yields the results of remaining
with a unity probability with the initial reating partiles as if the repeated reation did not
our at all.
All the former simulations were done when the outer and inner irles radii were 6 and 3
respetively. We note that we obtain similar numerial results for all other assigned values of
r1 and r2 up to the extreme limits of r1 >> r2 and r1 ≈ r2 provided we always have r1 > r2.
These results may be explained along the same line used to interpret the similar results
obtained analytially [2, 11, 12, 13, 14℄ and experimentally [10℄ in the quantum regime.
That is, a quantum system, whih may redue through experiment to any of its relevant
eigenstates, is preserved in its initial state by repeating the experiment of heking its state a
large number of times in a nite total time whih is the stati Zeno eet [2, 10, 11, 12, 13, 14℄.
The similar results obtained theoretially in Setion 3.2 suggest that this eet may be
eetive also in the lassial reations. That is, repeating them a large number of times,
in a nite total time, may result in remaining with the initial reating partiles as if the
repeated reation did not happen at all. Moreover, the dynami Zeno eet [11, 12℄ may
also be obtained as in Setion 3.3, in whih we show that the joint probability density for
the ourene of n speial dierent reations between the initial and nal times t0 and t
tends to unity in the limit of n→∞. The Zeno eet has been shown also in the numerial
simulations from whih we realize that repeating a large number of times any diretion of
the reversible reation A + B ↔ A + C has, in the limit of numerially repeating it after
eah single reetion, the eet as if it has never happened and the ativity obtained is the
natural one in whih no repetitions our. That is, the very large number of repetitions, in
a nite total time, auses the resulting ativity to be the same as if these repetitions never
happened as obtained in the Zeno eet in whih the system is preserved in the initial state
due to the very large number of measurements.
We see, therefore, that the large number of repetitions of either the same reation (or-
responds to the stati Zeno eet), or along a onseutive sequene of dierent ones (orre-
sponds to the dynami Zeno eet) auses the relevant system, as seen in the former hapters,
to respond dierently ompared to its response in the absene of these repetitions. That is,
referring to the rst ase we see that although the related reation is done a very large num-
ber of times one remains with the initial reating partiles only as if no reation has ever
CHAPTER 4. SPACE ZENO EFFECT 35
been done. For the seond ase the new response, as a result of these dense reations along
the spei path of reations, is to realize this path so that the probability to proeed along
these reations is unity. That is, we see for both ases that the mere at of repetitions of
the kind involved hanges the behaviour of the system to an entirely new and unexpeted
one. Moreover, we an at any time reonstrut this unexpeted response of the system by
going one more through the dense repetitions proess. That is, under the ondition of
dense measurement we may establish and validate these new responses of the system. Note
that exatly the same results were obtained in Chapter 2 with respet to the quantum eld
examples disussed there. We will also obtain the same results in the following Chapters of
this work. These unique eets of the dense repetitions have also been, numerially, shown
using the irular billiard model [19℄.
Chapter 4
Spae Zeno eet
4.1 Introdution
The eet of performing the same experiment simultaneously in a very large number of
regions of spae all oupying a nite spae is similar to that of performing an experiment
repetitively a large number of times in a nite interval of time. The dierene is that the
repetition in the seond ase is over independent units of equal steps in time, while in the
rst ase it is over independent units of equal shifts in spae. We have shown [23℄ that as the
Zeno eet [2, 10, 11, 12, 13, 14℄ is obtained in the seond ase when these equal intervals
of time tend to innitesimal values, so this eet ours also in the rst ase when the equal
shifts in spae tend to be innitesimal.
Piron has disussed in [73℄ a physial example of how this proedure an be seen as
an atual evolution. He onsiders an array of Geiger ounters at eah of a losely spaed
set of points along the x axis. This type of apparatus treats the value of x at whih an
event ours as a lassial parameter, sine the x value of eah ounter is known in advane.
What is unknown is the time t at whih the ounter will trigger, and this t then beomes a
quantum observable. Passing from a ounter at x to a ounter at (x + ρ) orresponds to a
Hamiltonian type evolution e−
ip1ρ
h¯
, generated by the evolution operator p1, now a funtion on
the phase spae (H, t, y, z, py, pz). The survival amplitude is (φx0, e
−ip1ρφx0), with φx0(t, y, z)
some initial state at position x0. The suessive performanes of suh experiments along
the x axis at small intervals X
n
, as n → ∞ orresponds preisely to the analogous proess
of the time Zeno eet. Sine, in this limit, the state φx0 is stabilized (as for the time Zeno
eet), the distribution in t, y, and z beomes stationary, and we see that the eet is that
of essentially simultaneous (at the peak t) measurements over an interval of x.
As pointed by Piron [73℄ the two formulations, 1) aording to the parameter t (as in
a bubble hamber type of experiment where t is known, but the loations x, y, and z are
subjet to measurement), and 2) aording to the parameter x (as in the set of Geiger
ounters desribed above, where the x is determined, but the times t at whih the ounters
are triggering are the results of measurement) are lassially ompletely equivalent, as an
be seen by a hange of variables. In the quantum ase, the dierene is profound, i.e, in the
rst ase t is an evolution parameter and x, y, z are physial observables, while in the seond
ase, x is the parameter of evolution, and t, y, z are the observables. Our omparison here
36
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of the two interpretations orresponds to a qualitative equivalene whih arries over, under
suitable onditions, to the quantum theory.
In Setion 4.2 we show, using Appendix C1, that the suitable expression for the spae Zeno
eet may be obtained by exhanging the time and spae variables and making the neessary
hanges. In Setion 4.3 we demonstrate, by referring to dierent artiles [17, 18, 20, 21, 52℄,
the existene of the spatial Zeno eet in both quantum and lassial systems and by this we
show that it is a general eet and not only a quantum one. We have just shown in Chapter
3 that it may be found also in hemial lassial reations.
4.2 A oherent and general state examples of the spae
Zeno eet
As seen from [23℄ one may obtain the relevant analytial expressions for the spae Zeno eet
by substituting the time variable t by the spae variable r and doing the resulting neessary
hanges. This may be seen from Eqs (1)-(9) of [23℄ ( Setions 1-3 of whih are shown in
Appendix C1). These equations disuss the spei ase of the ground state of the harmoni
osillator φ(x) = ( w
h¯π
)
1
4 e−
1
2h¯
wx2
and demonstrate the kind of transfer one do from the time
variable to the spatial one. The more general ase is also disussed (see Eqs (9)-(11) in [23℄
and in Appendix C1) and one may see the appearane of the spae Zeno eet in the limit
of n → ∞ where n is the number of systems (observers) in the nite spatial setion that
perform these experiments.
4.3 The one-dimensional arrays of the multibarrier po-
tential and multitrap systems of nite range
We refer in the following to the artiles [17, 18, 20, 21, 52℄ whih disuss the quantum
and lassial systems of the one dimensional arrays of multibarrier potential and multitraps
systems of nite ranges. In [18℄ the quantum one-dimensional multibarrier potential of nite
range is disussed, and in [20℄ the orresponding lassial multitrap system. We may see
that although these two systems are entirely physially dierent and neessitate dierent
methods of analysis as should be for quantum and lassial systems, nevertheless, they
learly show the same somewhat unexpeted behaviour. That is, as the number of either
the quantum potential barriers or the lassial traps inreases the value of the respetive
probability amplitude or the lassial density after rossing these systems tend to remain in
their former values before passing them. This behaviour is ontrary to what one may expet
that the values of the former variables must derease with inreasing the number of barriers
or traps. This is shown expliitly in Appendies C2 and C3 in whih we represent respetively
the relevant paper [18℄ and Setions 1-2 of [17℄ for the one-dimensional multibarrier potential
of nite range and in Appendix C4 whih shows the paper [20℄ for the orresponding one-
dimensional multitrap system.
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In the two systems one sees the same orrespondene not only for a variable total length
of eah [17, 20℄ but also for a onstant length. Moreover, the same parameter c = b
a
, whih
denotes in both systems [17, 18, 20, 21, 52℄ the ratio of the total interval between the barriers
or traps to their total length, has turns out to have the same inuene in these two dierent
systems. Both papers [18, 20℄ use the transfer matrix method [74, 75℄ to obtain analytial
expressions for the relevant transmission probability or the lassial density in the respetive
limits of innite number of barriers or traps whih are the limits for whih the spae Zeno
eet appears. In Setion 4.4 we show that both systems behave the same also for the ase of
nite number N of potential barriers or traps and, espeially, in the transfer to large N . For
this we use, for both systems, numerial simulations in ontrast to the expliit expression we
have obtained fot the N → ∞ ase. In the following setion we use the numerial 4n× 4n
matrix approah whih is appliable for both systems.
4.4 The 4n× 4n matrix approah
We, now, show that both one-dimensional systems of quantum potential barriers and las-
sial traps demonstrate the same behaviour also for nite number of barriers and traps and
espeially in the transfer to the large numbers of them. The quantum ase has already been
disussed in [17℄ and the relevant Setions are appended to Appendix C3. We, now, show the
same behaviour also for the multitrap system by starting from Eqs (7)-(10) in [20℄ (appended
to Appendix C4) whih are valid for the rst trap. Continuing in the same manner for all
the other n−1 traps we obtain 4n simultaneous equations with 4n+2 unknowns A,B,C, . . .
et. Now, sine these 4n simultaneous equations are not suient to determine the 4n + 2
unknowns we must redue the number of the unknown variables from 4n+ 2 to 4n by using
the following two assumptions: (1) Noting that the traps at as imperfet ones (see the
original problem from the set (1) in [20℄) we divide all the 4n equations by the value of the
oeient of the density funtion of the imperfet problem at the left hand side of the rst
trap. That is, this is the value of the oeient of the density of the diusing partiles before
their interation with the traps. (2) The seond assumption is that at the point x = a + b
at the right hand side of all the n traps we ignore the ideal trap omponent of the density
funtion sine it is lear that the density of the partiles that survive the n traps an not be
represented by any ideal trap funtion. We remark that these two assumptions of dividing
by some nonzero unknown and ignoring another in order to equate the number of unknown
variables to the number of equations are ommon in the literature (see, for example, the
potential barrier problem in [37℄ and [74℄). These two assumptions redue the number of
unknown variables to 4n, and so they an be determined by the 4n equations. We denote
the ideal and imperfet trap omponents by ρ1(D, x, t), and ρ2(D, x, t) respetively where D
is either the external diusion onstant outside the traps in whih ase it is denoted by De
or inside them whereby its notation is Di. The notation ρ` denotes the rst derivative of the
density funtion ρ with respet to the x variable. The 4n simultaneous equations system is,
therefore, given by
ρ2(De,
b
n
, t) = Cρ2(Di,
b
n
, t)
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Rρ2(De,
(n− 1)a+ nb
n
, t) = Tρ2(Di,
(n− 1)a+ nb
n
, t)
Rρ`2(De,
(n− 1)a+ nb
n
, t) + Sρ`1(De,
(n− 1)a+ nb
n
, t) =
= T ρ`2(Di,
(n− 1)a+ nb
n
, t) + Uρ`1(Di,
(n− 1)a+ nb
n
, t)
Tρ2(Di, a+ b, t) = V ρ2(De, a+ b, t)
T ρ`2(Di, a+ b, t) + Uρ`1(Di, a+ b, t) = V ρ`2(De, a+ b, t)
The last set (4.1) an be written as the matrix equation
Nx = c,
where N is the square matrix with 4n rows and 4n olumns, x is the unknown vetor with
the 4n unknowns (B,C, · · ·T, U, V ) and c is the onstant vetor whose rst two elements are
−ρ2(De, bn , t) and −ρ`2(De, bn , t), and all its other (4n− 2) elements are zeroes. a is the total
width of the traps and b is the total interval among them [20℄. Note that the last set is very
similar in form to the orresponding sets of the quantum ase (see the sets (1) and (3) in
[17℄) and like them an be managed, espeially for large n, only by numerial simulations.
We an ompute, numerially, eah one of the 4n variables not only for onstant a, b, and n,
but also an determine how eah of these variables behaves as a funtion of a for onstant n,
or as a funtion of n for onstant a (usualy b = a, or b = a
2
). Typial values of the diusion
onstant are onventionaly found in the literature in the gs units and range from 0.1 (cm)
2
sec
to
0.8 (cm)
2
sec
[77℄. At t = 0 we nd that V (see the set (4.1)), whih is the ratio of the imperfet
trap density funtion oeient at the point x = a + b (after passing the n trap system)
to that at the point x = b
n
(before passing it) is unity for all values of n and a. We have
obtained this result for k = 1, De = 0.5, Di = 0.1 and b =
a
2
. That is, at the initial time the
densities at the two extreme sides of the trap system are equal. When t departs from zero
the oeient V beomes smaller for the same values of n and a. That is, as time progresses
the density after the n trap system beomes smaller than that before it as expeted from a
physial point of view.
The interesting and unexpeted ndings, obtained analytially and numerially, are found
when the number n of either the potential barriers in the quantum system or traps in the
lassial one inreases. In this ase the respetive probability amplitude or the partile den-
sity grows so that in the limit n → ∞ both variables tend to the initial value they have
before passing through the systems. That is, ontrary to what one may expet the larger is
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the number of barriers or traps the easier will be for the entire ensemble of partiles (quan-
tum or lassial) to pass through them. That is, we see, as remarked, that experimenting
uninterruptedly on either a quantum or a lassial system totally hanges the known re-
sponse of these systems to that of a new, even unexpeted, one. Moreover, as remarked in
the former parts of this work with respet to the bubble and open-oyster examples (as well
as the programming examples of [9, 51℄) we may ause these systems to repeat, as many
times as we wish, their new and unexpeted behaviours by experimenting again with them
in a dense manner. In other words, by this kind of dense experimenting we may establish
and validate these new and unexpeted responses of these systems. Note that, as we have
remarked in Setion 1.2, we do not have to reah the limit of n → ∞ or even large n in
order to obtain again these new responses (new phenomena) of these systems. As seen in
[17, 20, 21℄ (see Appendies C2, C4, C5 and the gures there) one does not have to take
more than 30 barriers (even less for the ase of traps as seen in [21℄ (see Appendix C5)) for
obtaining a signiant transmission of the respetive quantum or lassial partiles. These
large transmissions onstitute, as remarked, the new phenomena that may be repeated by
preparing again these 30 barriers.
The establishing eet that results from the spae Zeno eet where a large number of
similar systems, onned in a nite region of spae, perform similar experiments turns our
attention to diretly onsider the eet of a large ensemble of related observers. We do this
in the following hapter.
Chapter 5
The eets of the ensemble of related
observers in quantum and lassial
phenomena
5.1 Introdution
1
In this hapter we disuss the inuene of observation and observers upon the obtained
experimental results and although the eet of these have been disussed in the literature
[8℄ (see also [5℄ and referenes therein) a little was said regarding the inuene upon the
obtained results of the presene or absene of mutual relationship and ooperation among
them. We onentrate our disussion here to the eets that result when a large ensemble of
related observers perform experiments. By the term "related observers" we mean that the
members of the ensemble are related to eah other by some kind of onnetion suh as, for
example, that eah one of them do his experiment on the same kind of system as all the
others. The last ondition ensures that any result obtained by any one of them are valid
for all the others in the sense that if the relevant experiment is repeated, under the same
onditions, by any other member of the ensemble the results obtained will be the same. This
will not be the ase for the unrelated observers that do not have the same kind of systems
so they an not perform the same experiment under the same onditions. Thus, the results
obtained by any one of them are valid only for the spei involved system and not for the
other dierent ones.
We note that when the observers of the ensemble partiipate in some olletive experiment
then the relation among them is established not only by having the same kind of systems
but also by the degree of their mutual ooperation in the experiment. Thus, they will be
maximally orrelated if they perform the olletive experiment in suh a way that not two of
them prepare and do their spei parts independently of eah other. This kind of onnetion
among the members of the ensemble will be analytially disussed in Setions 5.2 and 5.4.
We show that the probability for the physial validation of real phenomena inreases for
1
This hapter was later published with some hanges, after the thesis's submission, under the title "The
eet of related experiments" in IJTP, 44, 1095-1116 (2005)
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large number of related observers and this is obtained for the whole of them without having
eah one doing dense measurement along the spei Feynman paths that represent these
phenomena.
In Setion 5.2 we use the Feynman path integral method [30, 31, 32℄ to show this behaviour
and in Setion 5.3 use is made, for this purpose, of Everett's relative state theory [53, 54℄. We
show, using the unique harater of the last theory, that the number of observers inreases in
an asymptoti manner as the number of experiments grows as seen from the following Eq (5.8)
and Table 1. For example, for 100 experiments we have over 10306 dierent observers. Both
theories, together with Figures 5.1-5.3 and Table 1, learly demonstrate that the presene of
a large ensemble of related observers not only makes possible the resulting physial validation
of real phenomena but it is more enabled the larger is the ensemble. This does not hold for
the ensemble of unrelated observers or for the single one as will be shown. Note that the
appearane of physial reality for the large number of idential systems all prepared in the
same initial states have already been disussed in the literature [27, 78, 79℄ from dierent
points of view. As remarked, we disuss also in this work the ase where the large ensemble
of systems was aligned in suh a way that no two of them are prepared in the same initial
state (see, espeially, Setions 5.2 and 5.4).
In Setion 5.4 we show, using the lassial thermodynamial system of ylinder and
pistons [76, 77℄, that the inuene of the ensemble of related observers is eetive also in
lassial systems. Moreover, sine this system is simple the eet of the ensemble is shown
in a more diret manner. We follow the disussion in [76℄ and generalize it to inlude the
large ensemble of related observers. That is, we test some assumed relation between the
variables of the thermodynamial system and nd the onditions under whih this relation
beomes established or refuted. We follow the whole proedure in [76℄ of rst attempting
some initial relation so that if it turns out through experiments that it does not over all the
possible motions of the partiles in the ylinder a new and better relation is proposed. We
show that the new theory beomes established only for a related large ensemble of observers
that perform similar experiments. It is shown that the eet of suh a related ensemble of
observers is to physially establish the new assumed relation ompared to that of an unrelated
ensemble that have no eet in this respet.
We note that this obtained eet of the ensemble of observers, ompared to that of the
single one, is in aordane with the spae Zeno eet disussed in the former hapters. That
is, when the large ensemble of related observers operate ooperatively any result obtained
from any experiment done by any observer of the related ensemble beomes valid for the whole
of them. This orresponds to the preserving of the given initial probability amplitude or the
partile density in passing respetively through either a large number of a one-dimensional
array of potential barriers or traps. This does not hold for the ensemble of unrelated observers
or for the single one whih orresponds, as remarked, to the time Zeno eet and not to the
spatial one. Note that exatly the same results were obtained in [51℄ with respet to the
Internet websites where we see that if the lusters of doubly linked websites are large enough
then adding only a small amount of onneting links results in, atually, a phase transition-
type strengthening of the overall onnetivity among them. This unusual inrease of the
overall onnetivity due to a small addition of it orresponds to the former overall physial
realization for the whole ensemble of the result obtained by only one of them.
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5.2 The Feynman path integrals of the ensemble of ob-
servers
The olletive measurement is performed by rst preparingN similar systems atN arbitrarily
seleted states, from atually the very large number whih onstitute the spei Feynman
path of states whih we want to realize [11, 12℄ by densely experimenting along it. These
systems are then delivered to the N observers of the ensemble so that the system i (i =
1, 2, . . .N), prepared at the state φi, is assigned to the observer Oi. Thus, we may write
for the probability amplitude that the rst observer O1 nds his system, after doing the
experiment of heking its present state, at the state φ2 of the seond observer O2
Φ12 =
∑
i
φ1iφi2 (5.1)
The summation is over all the possible seondary paths [1℄ (as those shown along the mid-
dle path of Figure 5.1) between φ1 and φ2 and the quantities φ1i and φi2 denote [30℄ the
probability amplitudes to proeed from the state φ1 to φi and from φi to φ2 respetively. In
the same manner one may write for the onditional probability amplitude that the seond
observer O2 nds his system at the state φ3 (of the observer O3), provided that the observer
O1 nds his system at the state φ2
Φ23|12 =
∑
ij
φ1iφi2φ2jφj3 (5.2)
Where Φ23|12 is the remarked onditional probability amplitude and
∑
ij is the summation
over all the seondary paths that lead from the state φ1 to φ2 and over those from φ2 to φ3.
Correspondingly, the onditional probability amplitude that the (N−1)-th observer nds his
system at the state φN of the observer ON provided that all the former (N−2) observers nd
their respetive systems, that were initially prepared at the states φi (i = 1, 2, . . .N − 2),
to be at the states φi (i = 2, 3, . . .N − 1)
ΦN−1N |12,23,...,N−2N−1 =
∑
ij...rs
φ1iφi2φ2jφj3 . . . φN−2rφrN−1φN−1sφsN (5.3)
Figure 5.1 shows 7 Feynman paths, from atually a large number of paths that all begin at
φ1 and end at φ8 (only 8 states are shown in the gure for larity). The middle path is the
spei one along whih the desribed olletive dense measurement is performed.
Along this line we have the N (N = 8 in the gure) initially prepared states φ1, φ2, . . . φN
as well as the seondary Feynman paths that lead from eah φi to φi+1 where i = 1, 2, . . . , (N−
1) . The relevant onditional probability is found by multiplying the last probability ampli-
tude from Eq (5.3) by its onjugate to obtain, omitting the subsripts of the Φ's for larity
Φ†Φ =
∑
i`j`...r`s`
∑
ij...rs
φi`1φ1iφ2`iφi2φj`2φ2jφ3j`φj3 . . . φr`N−2φN−2rφN−1r`φrN−1 ·
·φs`N−1φN−1sφNs`φsN = (
∑
i`i
φi`1φ1iφ2`iφi2)(
∑
j`j
φj`2φ2jφ3j`φj3) . . . (5.4)
. . . (
∑
r`r
φr`N−2φN−2rφN−1r`φrN−1)(
∑
s`s
φs`N−1φN−1sφNs`φsN),
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Figure 5.1: seven Feynman paths of states that all begin at the state φ1
and end at φ8 are shown in the gure. The middle path is the one along
whih the olletive dense measurement is performed by the ensemble
members Oi i = 1, 2, . . .N . The N separate systems of these observers
have been initially prepared in the states φi i = 1, 2, . . .N . Only eight
states are shown in the gure for larity. Note the seondary Feynman
paths between neighbouring states in the middle path.
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where the number of all the double sums
∑
i`i
∑
j`j . . .
∑
r`r
∑
s`s is N .
We note that we regard the traversed Feynman path as atually omposed of a very large
number of states. Thus, no matter how large is the number N of observers there will always
be a suient number of states to assign to all of them so that no two observers have the
same state.
As remarked, we are interested in the limit of dense measurement along the relevant
Feynman path in order to realize it so we take N → ∞. In this limit the length of the
seondary Feynman paths among the initially prepared N states (where now N →∞) tends
to zero [1℄ so that the former probabilities to proeed along the seondary paths between the
given states beome the probabilities for these states. Thus, we may write for Eq (5.4) in
the limit of N →∞
lim
N→∞
<Φ†|Φ>= lim
N→∞
<φi`1|φ2`i><φi2|φ1i><φj`2|φ3j`><φj3|φ2j> . . .
. . . <φr`(N−2)|φ(N−1)r`><φr(N−1)|φ(N−2)r><φs`(N−1)|φNs`> · (5.5)
· <φsN |φ(N−1)s>= δφ
i`1φ2i`
δφ1iφi2δφj`2φ3j`δφ2jφj3 . . . δφr`(N−2)φ(N−1)r` ·
·δφr(N−1)φ(N−2)rδφs`(N−1)φNs`δφsNφ(N−1)s = 1
The last result of unity follows beause in the limit of N → ∞ suessive states dier
innitesimally from eah other so we may write as in [12℄ < φk`−1|φk` >=< φk−1|φk >=
δφ
k`−1
φ
k`
= δφk−1φk ≈ 1.
Thus, we see that performing dense measurement along any Feynman path of states
results in its realization in the sense that the probability to proeed through all of its states
tends to unity. Moreover, as desribed, the dense measurement is performed through the
joint ation of all the members of the ensemble without having to perform it separately
by eah one of them. Thus, even when eah observer performs his experiment only one,
nevertheless, when N → ∞ the obtained realized path is now for all them. Figure 5.2
shows a shemati representation of the state of the ensemble after the remarked olletive
dense measurement. Eah separate bath of 4 similar urves denotes a member of the
ensemble that has, as known, a large number of dierent possible Feynman paths (only 4
are shown for larity). In the middle part of the gure we have a large number of dierent
bathes of paths all mixed among them so it beomes diult to disern whih urve belongs
to whih bath. The emphasized path in Figure 5.2 is the denite Feynman path along
whih the desribed olletive dense measurement has been done. Note that this path,
atually, belongs to all the dierent interwoven bathes whih means that although eah one
of the observers performs his experimental part only one, nevertheless, after ompleting
the desribed olletive measurement eah one of those that partiipates in it has now the
same realized Feynman path. The reason is that although eah observer Oi of the ensemble
performs his experiment on only his speially prepared state φi, nevertheless, the results
he obtains are valid for all the others sine any other observer that ats on the same state
φi under the same onditions obtains the same result. In other words, the realized Feynman
path has been made tangible and real for all of them in the sense that the probability for
eah to move along its onstituent states tends to unity as seen from Eq (5.5).
We note that using the large ensemble of similar systems for analysing experimental
results has been fruitfully done in the literature [27, 54, 78, 79℄. It has been shown, for
example, that onsidering an N idential systems all prepared in the same initial state one
CHAPTER 5. THE EFFECT OF THE ENSEMBLE OF ..... 46
Figure 5.2: A shemati representation of the physial situation
after performing the olletive dense measurement symbolized
by Figure 5.1. Note that although no member of the ensemble
has done dense measurement by himself, nevertheless, the joint
ation of all or most of the observers has resulted in realizing
the spei Feynman path from Figure 5.1 for all the partii-
pating observers. This "realized" path is shown emphasized in
the gure.
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may derive the probability interpretation of quantum mehanis in the limit of N → ∞.
That is, this probability is not imposed upon the theory as an external assumption as done
in the onventional Copenhagen interpretation of quantum mehanis but is derived from
other priniples of quantum mehanis [79℄. This is done using Finkelstein theorem [78, 79℄.
5.3 The relative state theory of Everett
The last results may be demonstrated in a more natural and appealing manner by using
the relative state theory of Everett [53, 54℄ that has been formulated, espeially, for taking
observers into aount. We use, in the following, the speial notation and terminology
of this theory. Thus, if the initial state was some eigenstate of an operator A the total
initial state of the (system S + observer O) is denoted by ΨS+O = φiΨ
O[...], where φi is
the initial eigenstate of the system S and ΨO[...] denotes the observer's state before the
measurement. After the experiment the observer's state is denoted by ΨO[...αi], where αi
stands for reording of the eigenvalue φi by the observer so that the total nal state of the
(system S + observer O) is ΨS+O` = φiΨ
O[...αi]. Now, if the initial state of the system is not
an eigenstate but a superposition of them
∑
i aiφi then the total states before and after the
measurement are [53, 54℄ ΨS+O =
∑
i aiφiΨ
O[...], and ΨS+O` =
∑
i aiφiΨ
O[...αi] respetively
where ai =< φi|ΨS+O >. Suppose we ontinue our experiments and measure some other
physial observable B beginning from the state
∑
i aiφiΨ
O[...αi] as the initial one. In suh a
ase one may expand the eigenfuntion φi of the observable A in terms of the eigenfuntions
of B φi =
∑
j bijφj so that the state
∑
i aiφiΨ
O[...αi] before the new experiment may be
written as [53℄
ΨS+O =
∑
j
∑
i
bijaiφjΨ
O[...αi], (5.6)
where φj are the eigenfuntions of the operator B. After measuring B one obtains
ΨS+O` =
∑
j
∑
i
bijaiφjΨ
O[...αi, βj], (5.7)
where bij =< φj|φi > and ΨO[...αi, βj ] denotes that now the observer reords the eigen-
funtions αi and βj after the two experiments. Continuing and measuring, for example, n
observables one obtains the following wave funtion
ΨS+O` =
∑
k
∑
l
∑
h
. . .
∑
j
∑
i
chldlk . . . aiφkΨ
O[αi, βj , . . . , λl, ξk], (5.8)
where chl =< φl|φh >, dlk =< φk|φl >, and φi, φj . . . are eigenfuntions of the A, B, . . .
operators. Note that eah term in Eq (5.8) denotes an observer with his spei sequene
[αi, βj, . . . , λl, ξk] that results from the n experiments. Thus, Eq (5.8), termed the Everett's
universal wave funtion [53, 54℄, yields all the possible results that may be obtained from
measuring the n observables. We, now, ount the number of observers that have the same or
similar sequenes [αi, βj, . . . , λl, ξk] whih reord, as remarked, the n measured eigenvalues.
For this we assume that eah measurement of any of the n observables may yields K possible
dierent results where the n observables do not have to be all dierent and so some eigen-
values in the sequene [αi, βj, . . . , λl, ξk] may be idential. Thus, denoting by R1, R2, . . . , Rr
CHAPTER 5. THE EFFECT OF THE ENSEMBLE OF ..... 48
the numbers of times the r partiular eigenvalues l1, l2, . . . , lr appear respetively in some
speied sequene [αi, βj , . . . , λl, ξk] we may see from Eq (5.8) that eah possible value of Ri
in the range 0 ≤ Ri ≤ n, and for eah i (1 ≤ i ≤ r), may be realized in some observer. Now,
the number of sequenes in whih l1, l2, . . . , lr our, respetively, at R1, R2, . . . , Rr predeter-
mined positions is (K−1)(n−
∑i=r
i=1
Ri)
sine for eah position in the sequene [αi, βj, . . . , λl, ξk]
in whih l1, l2, . . . , lr are absent there are (K − 1) possibilities (note that eah position is
related only to its spei observable and so to, at most, only one of the l's). Thus, the total
number of sequenes in whih l1, l2, . . . , lr our respetively in R1, R2, . . . , Rr positions (we
denote this number by Nl1,l2,...,lr) is
Nl1,l2,...,lr =
(
n
R1
)(
(n− R1)
R2
)(
(n− (R1 +R2))
R3
)
. . . (5.9)
. . .
(
(n−∑i=r−1i=1 Ri)
Rr
)
(K − 1)(n−
∑i=r
i=1
Ri),
where
(
n
R1
)
is the number of possible ways to hoose in the nmember sequene [αi, βj, . . . , λl, ξk]
R1 plaes for l1,
(
(n− R1)
R2
)
is the number of possible ways to hoose R2 plaes from the
remaining (n − R1) et. The alulation in Eq (5.9) was done for the more simple ase in
whih all the l1, l2, . . . , lr are dierent. The relevant measure may be found [54℄ by tak-
ing into onsideration the expeted relative frequeny of the eigenvalues l1, l2, . . . , lr whih
is Pl1,l2,...,lr = |< Ψl1,l2,...,lr |Ψ > |2, where |Ψl1,l2,...,lr > is the state in whih the eigenval-
ues l1, l2, . . . , lr our among those of the sequene [αi, βj, . . . , λl, ξk], and also the orre-
sponding relative frequeny of any other eigenvalue m dierent from l1, l2, . . . , lr, whih is
Qm =
∑
m6=l1,l2,...,lr |<Ψm|Ψ>|2 = 1 − Pl1,l2,...,lr . That is, the measure of all the sequenes
that have the eigenvalues l1, l2, . . . , lr at R1, R2, . . . , Rr predetermined positions respetively
is P
∑i=r
i=1
Ri
l1,l2,...,lr
Q
(n−
∑i=r
i=1
Ri)
m . The last expression must be multiplied by the number of possible
ways to hoose rst R1 plaes for l1 from the n positions of the sequene [αi, βj, . . . , λl, ξk],
then to hoose R2 plaes for l2 from the remaining n−R1 et, until the last step of hoosing
Rr plaes from (n−∑i=r−1i=1 Ri) (see Eq (5.9)). That is, the sought-for measure Me is
Me =
(
n
R1
)(
(n−R1)
R2
)(
(n− (R1 +R2))
R3
)
. . . (5.10)
. . .
(
(n−∑i=r−1i=1 Ri)
Rr
)
P
∑i=r
i=1
Ri
l1,l2,...,lr
Q
(n−
∑i=r
i=1
Ri)
m ,
whih is, up to a onstant oeient, the Bernoulli distribution [80℄. Note that for large n
the measure from the last equation may be approximated by a Gaussian distribution with
mean µ = nPl1,l2,...,lr and standard deviation σ =
√
nPl1,l2,...,lrQm. For large n this Gaussian
distribution has a sharp peak [80℄ around nPl1,l2,...,lr sine nPl1,l2,...,lr >>
√
nPl1,l2,...,lrQm
and the measure of all the sequenes that lie between (nPl1,l2,...,lr − 3
√
nPl1,l2,...,lrQm) and
(nPl1,l2,...,lr + 3
√
nPl1,l2,...,lrQm) is greater than 0.99. We alulate now an expliit expression
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for Pl1,l2,...,lr(r) and Qm(r) as funtions of r, for n = 100. The probability Pl1,l2,...,lr(r)
to nd the values l1, l2, . . . , lr among the eigenvalues of the sequene [αi, βj, . . . , λl, ξk] is
Pl1,l2,...,lr(r) = | <Ψl1,l2,...,lr |Ψ> |2 = rn = r100 , and the probability to nd any other eigenvalue
m 6= l1, l2, . . . , lr is Qm(r) = ∑m6=l1,l2,...,lr | <Ψm|Ψ> |2 = 1 − Pl1,l2,...,lr = 1 − rn = (100−r)100 .
Now, in order to simplify the following alulations we assign to all the dierent values of
Ri i = 1, 2, . . . r the unity value, in whih ase eah of the given eigenvalues l1, l2, . . . , lr
may our only one in the sequene [αi, βj, . . . , λl, ξk], so that the relevant total number
Nl1,l2,...,lr(K, r) and the orresponding measure Me(r) from Eqs (5.9)-(5.10) are given by
Nl1,l2,...,lr(K, r) =
(
100
1
)(
99
1
)
. . .
(
(100− r)
1
)
· (5.11)
·(K − 1)(100−r) =
i=r∏
i=0
(100− i)(K − 1)(100−r)
and
Me(r) =
(
100
1
)(
99
1
)
. . .
(
(100− r)
1
)
(
r
100
)r · (5.12)
·((100− r)
100
)(100−r) =
i=r∏
i=0
(100− i)( r
100
)r(
(100− r)
100
)(100−r)
respetively. In Table 1 we show the number of observers that have r predetermined dierent
eigenvalues in their respetive n-plae sequenes for n = 100, ve dierent values of K:
1100, 100, 10, 5, 2, and even values of r between r = 0 and r = 98. Note that for the large
values of K, whih signies a large number of possible results for any experiment done by
any observer, the sequenes most frequently enountered are the ones that have small r as
should be and as we have seen by other methods in the former setion. This is so beause
a large K signies a large number of possible results for eah experiment whih entails a
omparatively large number of observers with small r so that the probability to nd in their
sequenes a large number of the r predetermined eigenvalues is small. That is, the larger is
K the smaller the ensemble's members are related among them. For example, for K = 1100
and K = 100 the number of observers with r = 0, that have not even one of the preassigned
eigenvalues, are 1.258257 ·10306 and 3.660323 ·10201 respetively ompared to 1.025655 ·10161
and 9.23929 ·10159 that have in their sequenes 98 plaes oupied by suh eigenvalues. That
is, for K = 1100 and K = 100 the number of observers with r = 0 are large by the fators
of 1.2268 · 10145 and 3.9617 · 1041 respetively ompared to those with r = 98.
For smaller K, whih signies a small number of possible dierent results for any ob-
server one nds a large number of observers that have among their sequenes, after the n
experiments, a omparatively large number of the r predetermined eigenvalues. That is, the
smaller is K the larger is the relationship among the ensemble's members. Moreover, as seen
from Table 1, the number of observers inreases proportionally to r for small values of K,
ompared to the large values of K for whih the number of observers dereases as r inreases.
The results of Table 1 are orroborated also from Figure 5.3 whih shows a three-dimensional
surfae of the relative rate R(K, r) of the number of observers whih is given by
R(K, r) =
Nl1,l2,...,lr(K, r)−Nl1,l2,...,lr(K, r − 1)
Nl1,l2,...,lr(K, r)
, (5.13)
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Figure 5.3: The gure shows a three-dimensional surfae of the
relative rate of the number of observers as funtion of the num-
ber of possible results K for eah experiment and the number
r of plaes oupied by preassigned eigenvalues (see text). The
ranges of K and r are 2 ≤ K ≤ 250 and 0 ≤ r ≤ 100 respe-
tively. Note the large jump towards zero for large K when r
inreases from zero.
where Nl1,l2,...,lr(K, r) is given by Eq (5.11) and the ranges of K and r are 0 ≤ K ≤ 250 and
0 ≤ r ≤ 100 respetively.
We see from the gure that the surfae, inluding the planar form on top of it, is inlined
from positive values of R(K, r), for smallK, towards negative values for largeK whih means
that the large numbers of observers are found at large K and small r as we have found from
Table 1. Also, as seen from the gure, the rate R(K, r) dereases sharply, for small r, as K
inreases, whereas this derease is less pronouned for intermediate values of r and then it
strengthens again for large r but less than for the small values of it as seen from the gure.
When K = 1, whih means that there is only one result for any experiment we must have,
for eah observer, r = n sine there is no eigenvalue in any plae of any n-sequene that
is dierent from the speied ones. In this ase all the sequenes of all the observers are
idential to eah other and the probability to nd in them all the r speied eigenvalues,
where r = n, is unity. In other words, the more known are the obtained results from any
experiment, the larger is the probability to nd in the sequenes of most of them a large
number of the speied eigenvalues.
We, thus, see that an important neessary aspet of the physial validation of real phe-
nomena is that a large ensemble of related observers must be involved in the relevant exper-
imentation. This is aeted, as remarked, through the magnitude of K so that the smaller
is K the larger is the number of observers that obtain the same results in their sequenes
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and onsequently the more valid is the tested theory. When K = 1 whih means that there
is only one possible result for any experiment then the whole ensemble of observers obtains
exatly the same results in their sequenes. In other words, the smaller is K, in whih ase
the obtained result from any experiment is less unknown, the more related are the observers
of the ensemble where this relationship is demonstrated by obtaining the same results. When
K = 1 then this relationship is maximal and the whole ensemble obtains exatly the same re-
sults. Note that if they do not measure the same observables then they are totally unrelated
and our former results would not be obtained even for K = 1. As remarked, the number of
possible observers inreases in an asymptoti manner with the number of experiments (see
Eq (5.8) and Table 1) and so all the results in this setion are for large ensemble of observers.
K = 1 orresponds, for example, to the given initial probability amplitude or partile
density in the one-dimensional arrays of potential barriers or traps respetively disussed
in the former hapter. It has been shown there that as the number of barriers or traps
inreases the orresponding initial values of the probability amplitude or partiles density
is preserved in passing through them. This orresponds to the results obtained here and
strengthened by Table 1 that the more small is K, in whih ase the initial state is less
unknown then a larger number of observers obtain similar results. When the initial state
is known (K = 1) then the whole ensemble obtains exatly the same results. Thus, we
see that the new response of the system, identied here by the large probability to nd
in the sequenes of most observers the same eigenvalues for small K, is possible only for
large ensemble of related observers. This relationship is manifested by the fat that all the
observers measure the same observables, so that the new response is obtained only as a result
of it. Otherwise, this new phenomenon would not be obtained even for K = 1. Also, as for
the other examples disussed in the former hapters, this new response may be physially
established by merely repeating again this olletive experiment for small K. As remarked,
the number of possible observers inreases in an asymptoti manner with the number of
experiments (see Eq (5.8) and Table 1). Thus, all the results in this hapter are for large
ensemble of observers.
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Table 5.1: The table shows the number of observers that have r positions in their 100 plaes
sequenes oupied by the preassigned eigenvalues, where the numbers K of possible values
for eah experiment are 1100, 100, 10, 5 and 2
r Number of Number of Number of Number of Number of
observers for observers for observers for observers for observers for
K=1100 K=100 K=10 K=5 K=2
0. 1.2582567 · 10306 3.6603234 · 10201 2.6561399 · 1097 1.6069380 · 1062 1.0000000 · 1002
2. 9.1968147 · 10300 3.6599499 · 10199 3.5349615 · 1098 2.4360176 · 1064 9.7020000 · 1005
4. 7.0906332 · 10298 3.4773445 · 10199 4.0638965 · 10100 1.4177623 · 1067 9.0345024 · 1009
6. 5.2425320 · 10296 3.1683182 · 10199 4.4803204 · 10102 7.9128857 · 1069 8.0678106 · 1013
8. 3.7137826 · 10294 2.7658535 · 10199 4.7325459 · 10104 4.2314156 · 1072 6.9028188 · 1017
10. 2.5182857 · 10292 2.3112275 · 10199 4.7851297 · 10106 2.1659559 · 1075 5.6534086 · 1021
12. 1.6329854 · 10290 1.8469068 · 10199 4.6268069 · 10108 1.0602354 · 1078 4.4277496 · 1025
14. 1.0115902 · 10288 1.4099129 · 10199 4.2737987 · 10110 4.9579258 · 1080 3.3128423 · 1029
16. 5.9800861 · 10285 1.0271175 · 10199 3.7672744 · 10112 2.2124744 · 1083 2.3653694 · 1033
18. 3.3697990 · 10283 7.1324983 · 10198 3.1654407 · 10114 9.4113129 · 1085 1.6098704 · 1037
20. 1.8079384 · 10281 4.7157013 · 10198 2.5323525 · 10116 3.8115817 · 1088 1.0431960 · 1041
22. 9.2238011 · 10278 2.9648150 · 10198 1.9264637 · 10118 1.4679354 · 1091 6.4281738 · 1044
24. 4.4690875 · 10276 1.7702375 · 10198 1.3918106 · 10120 5.3689737 · 1093 3.7617673 · 1048
26. 2.0536029 · 10274 1.0024301 · 10198 9.5364800 · 10121 1.8623628 · 1096 2.0877809 · 1052
28. 8.9366846 · 10271 5.3757503 · 10197 6.1881159 · 10123 6.1178617 · 1098 1.0973376 · 1056
30. 3.6773709 · 10269 2.7259952 · 10197 3.7969057 · 10125 1.9003608 · 10101 5.4537680 · 1059
32. 1.4285652 · 10267 1.3050066 · 10197 2.1993928 · 10127 5.5728080 · 10103 2.5589079 · 1063
34. 5.2302616 · 10264 5.8879085 · 10196 1.2007055 · 10129 1.5401848 · 10106 1.1315491 · 1067
36. 1.8014464 · 10262 2.4991021 · 10196 6.1665865 · 10130 4.0044805 · 10108 4.7072442 · 1070
38. 5.8258354 · 10259 9.9596905 · 10195 2.9736650 · 10132 9.7759381 · 10110 1.8386496 · 1074
40. 1.7654032 · 10257 3.7192600 · 10195 1.3436561 · 10134 2.2362458 · 10113 6.7294575 · 1077
42. 5.0018254 · 10254 1.2985724 · 10195 5.6765321 · 10135 4.7827708 · 10115 2.3028204 · 1081
44. 1.3218922 · 10252 4.2292041 · 10194 2.2369741 · 10137 9.5416277 · 10117 7.3506026 · 1084
46. 3.2505518 · 10249 1.2815770 · 10194 8.2022385 · 10138 1.7711646 · 10120 2.1831290 · 1088
48. 7.4172159 · 10246 3.6037407 · 10193 2.7907863 · 10140 3.0508311 · 10122 6.0167034 · 1091
50. 1.5659782 · 10244 9.3761236 · 10192 8.7858088 · 10141 4.8622621 · 10124 1.5342594 · 1095
52. 3.0494930 · 10241 2.2500401 · 10192 2.5511386 · 10143 7.1475252 · 10126 3.6085781 · 1098
54. 5.4586840 · 10238 4.9633574 · 10191 6.8093353 · 10144 9.6580935 · 10128 7.8017458 · 10101
56. 8.9486549 · 10235 1.0026985 · 10191 1.6645042 · 10146 1.1951891 · 10131 1.5447457 · 10105
58. 1.3380740 · 10233 1.8476415 · 10190 3.7112278 · 10147 1.3490697 · 10133 2.7898107 · 10108
60. 1.8168898 · 10230 3.0916560 · 10189 7.5140909 · 10148 1.3827964 · 10135 4.5752895 · 10111
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r Number of Number of Number of Number of Number of
observers for observers for observers for observers for observers for
K=1100 K=100 K=10 K=5 K=2
62. 2.2293661 · 10227 4.6748640 · 10188 1.3748003 · 10150 1.2808152 · 10137 6.7805790 · 10114
64 2.4586134 · 10224 6.3533505 · 10187 2.2607828 · 10151 1.0662786 · 10139 9.0317313 · 10117
66. 2.4223775 · 10221 7.7139956 · 10186 3.3213969 · 10152 7.9304473 · 10140 1.0747760 · 10121
68. 2.1179239 · 10218 8.3113758 · 10185 4.3301175 · 10153 5.2340952 · 10142 1.1349635 · 10124
70. 1.6307895 · 10215 7.8865212 · 10184 4.9716164 · 10154 3.0423178 · 10144 1.0555160 · 10127
72. 1.0963736 · 10212 6.5338795 · 10183 4.9838920 · 10155 1.5439763 · 10146 8.5707902 · 10129
74. 6.3723598 · 10208 4.6799137 · 10182 4.3193730 · 10156 6.7741960 · 10147 6.0166947 · 10132
76. 3.1656008 · 10205 2.8649609 · 10181 3.1995356 · 10157 2.5403235 · 10149 3.6100168 · 10135
78. 1.3262069 · 10202 1.4791044 · 10180 1.9987222 · 10158 8.0337731 · 10150 1.8266685 · 10138
80. 4.6117440 · 10198 6.3383721 · 10178 1.0363745 · 10159 2.1088654 · 10152 7.6720078 · 10140
82. 1.3058579 · 10195 2.2117368 · 10177 4.3758034 · 10159 4.5076999 · 10153 2.6238267 · 10143
84. 2.9408267 · 10191 6.1380718 · 10175 1.4694056 · 10160 7.6630898 · 10154 7.1368085 · 10145
86. 5.1132066 · 10187 1.3151669 · 10174 3.8095700 · 10160 1.0057805 · 10156 1.4987298 · 10148
88. 6.6042355 · 10183 2.0933174 · 10172 7.3369497 · 10160 9.8063602 · 10156 2.3380185 · 10150
90. 6.0147815 · 10179 2.3494022 · 10170 9.9637588 · 10160 6.7418726 · 10157 2.5718203 · 10152
92. 3.5855598 · 10175 1.7259153 · 10168 8.8566745 · 10160 3.0338427 · 10158 1.8517106 · 10154
94. 1.2468404 · 10171 7.3960252 · 10165 4.5923497 · 10160 7.9638371 · 10158 7.7771846 · 10155
96. 2.0646454 · 10166 1.5092389 · 10163 1.1339135 · 10160 9.9547963 · 10158 1.5554369 · 10157
98. 1.0256551 · 10161 9.2392953 · 10159 8.3993594 · 10158 3.7330486 · 10158 9.3326215 · 10157
5.4 The lassial eet of an ensemble of observers
We disuss now the same system used in [76℄ for demonstrating the eet of observers upon
the experimental results. The disussion in [76℄ is generalized to inlude the large ensemble
of related observers so we assume that we have N thermodynamial systems, of the kind
disussed in [76℄, that is, a hollow ylinder that ontains n partiles, not all of the same
speies, among four pistons as shown in Figure 5.4. The pistons A and A` are xed while
B and B` may move along the ylinder. Also the pistons A` and B do not allow passage of
partiles through them, whereas A and B` are permeable so that eah permits some kind of
partiles to move through it where those that are allowed to pass through A are not allowed
through B` and vie versa. The pistons B and B` move in suh a way that the distanes BB`
and AA` are always equal as seen in Figure 5.4. These distanes are measured using the x
axis whih is assumed to be upward along the ylinder.
We wish to test the validity of the onnetion (suggested in [76℄) between the two variables
x and f , where the latter denotes the property that if any of the n partiles is found in some
preassigned interval (x1, x2) then we assign to f the value of +1 otherwise f assumes the
value of −1. That is, the relevant proposed onnetion between x and f is [76℄
f(x) =
{
+1 for x2 ≥ x ≥ x1
−1 for x outside (x1, x2) (5.14)
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Figure 5.4: The ylinder with the four pistons. The
pistons A and A` are xed and B and B` may move
along the ylinder. Also the piston A is permeable
to the moleule inside the interval (x1, x2) and B` to
those outside it.
We assume that the piston A is permeable only to the partiles inside the interval (x1, x2)
and B` only to those outside it. We denote by w1 the initial probability that any randomly
seleted partile is found to be in the interval (x1, x2) and by w2 that it is outside it. At rst
the pistons B and B` were at the positions of A and A` respetively and all the n partiles
were in the one spae between. Now, we wish to test the assumed relation from Eq (5.14)
by performing, reversibly and with no external fore, a omplete yle of rst moving up the
pistons BB` and then retraing them bak to their initial plaes so that the only assumed
relation between the partiles and their positions along the axis x is that from Eq (5.14).
Thus, we rst move, without doing work, the pistons B and B` so that, as remarked, the
volume enlosed between them equals that between AA` and we obtain two separate equal
volumes, eah of whih equals to the initial one. Now, sine A is permeable to the partiles
in the interval (x1, x2) and B` to the rest the result is that the upper volume BB` ontains
only the partiles from the predetermined interval (x1, x2) and the lower AA` only the others.
We want now to retrae our former steps and move, again without doing work, the pistons
B and B` to the plaes of A and A` so as to have, as before, the same initial volume and thus
to omplete one yle. We must take into aount, however, that during the upward motion
some partiles that were inside (outside) the interval (x1, x2) may ome out of (into) it due
to thermal or other kind of utuation so that these partiles hange from the kind that
may pass through the piston A (B`) into the kind that is not allowed to do that. Thus, the
last step of retraing the pistons B, B` into their former initial positions at the pistons A, A`
respetively an not be performed without doing work sine the moleules that have ome
out of (into) the interval (x1, x2) are not permitted now to pass through A (B`). That is, the
former proess of expanding the volume is not reversible as desribed beause we have to
exert fore on these moleules to move them bak into (out of) the interval (x1, x2) so that
they an pass through A (B`). Thus, the relation (5.14) is not valid any more sine it does
not take into aount the external fore just desribed.
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We may express this in a quantitative manner by noting that there is now [76℄ a derease of
entropy per moleule after the rst step of moving up the pistons. This may be alulated by
taking aount of the fat that now the probabilities to nd any randomly seleted moleule
out of (in) the preassigned interval (x1, x2) are dierent from the initial values w2 and w1
before moving up the pistons. Thus, suppose that during the rst stage of expanding the
initial volume of the ylinder no moleules, from the total number n, have ome out of the
remarked interval and ni from outside have entered so that the probability to nd now any
randomly seleted moleule out of it is (w2 +
(no−ni)
n
) and that to nd it in is (w1 +
(ni−no)
n
).
Thus, the initial entropy per moleule, denoted by si, before moving up the pistons is [76℄
si = −k(w1 lnw1 + w2 lnw2), (5.15)
and after moving-up the pistons the orresponding entropy per moleule, denoted by sm, is
sm = −k((w1 + (ni − no)
n
) ln(w1 +
(ni − no)
n
) + (5.16)
+(w2 +
(no − ni)
n
) ln(w2 +
(no − ni)
n
))
The dierene in the entropy per moleule between the two situations from Eqs (5.15)- (5.16)
is
s = −(sm − si) = −(kw1(ln(w1 + (ni − no)
n
)− lnw1) + kw2(ln(w2 +
+
(no − ni)
n
)− lnw2) + k (no − ni)
n
(ln(w2 +
(no − ni)
n
)− (5.17)
− ln(w1 + (ni − no)
n
))) = −(kw1 ln(1 + (ni − no)
w1n
) + kw2 ln(1 +
(no − ni)
w2n
) +
+k
(no − ni)
n
ln(
w2 +
(no−ni)
n
w1 +
(ni−no)
n
)) = −(k(w1(1 + (ni − no)
w1n
) ln(1 +
(ni − no)
w1n
) +
+w2(1 +
(no − ni)
w2n
) ln(1 +
(no − ni)
w2n
) +
(no − ni)
n
ln(
w2
w1
)))
Eliminating w2 through use of the relation w1 + w2 = 1 one may write the last equation as
s = −(sm − si) = −k(w1(1− (no − ni)
nw1
) ln(1− (no − ni)
nw1
) + (5.18)
+(1− w1)(1 + (no − ni)
n(1− w1)) ln(1 +
(no − ni)
n(1− w1)) +
(no − ni)
n
ln(
(1− w1)
w1
))
If no = ni, the entropy dierene from Eqs (5.18) is obviously zero whih results in the
validation of the relation (5.14) after returning the pistons bak to their initial plaes as
remarked. When no 6= ni the expression (5.14) an not be validated by retraing, without
doing work, the volume bak to its initial value sine now the moleules that ome out of
the interval (x1, x2) and those that have entered it prevent this reversible motion whih is
neessary for its validation. Thus, a new expression, instead of the invalid one from Eq
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(5.14), that takes aount of these moleules must be adopted as in [76℄. But before writing
this expression we remark that the probability w1 must be proportional to the length of the
remarked interval x2 − x1, so that a small or large value for one indiates a orresponding
value for the other. Thus, we may dene a probability distribution for w1 in terms of
the variable x and assume a normal distribution [80℄ so that we may write for the density
funtion of w1(x) fw1(x) =
exp(− (x−µ)2
2σ2
)√
2πσ
, where µ is the mean value of x and σ is the standard
deviation. To simplify the following alulation we assume a standard normal distribution
[80℄ z = (x−µ)
σ
for whih µ = 0 and σ = 1. Thus, the density funtion fw1(x) may be written
as fw1(z) =
exp(− (z)2
2
)√
2π
and the probability w1(x) to nd any randomly seleted moleule in the
interval (−x, x), where now this interval is symmetrially loated around the origin x = 0,
is [80℄
w1(x) =
∫ x
−x
fw1(z)dz =
1√
2π
∫ x
−x
dze−
z2
2 = erf(
x√
2
) (5.19)
erf(x) is the error funtion dened as erf(x) = 2√
π
∫ x
0 e
−u2du. Note that erf(0) = 0,
erf(∞) = 1, and erf(−x) = −erf(x) so that this funtion is appropriate for a representation
of the probability w1(x). Substituting from Eq (5.19) into Eq (5.18) we obtain
s = −(sm − si) = −k(erf( x√
2
)(1− (no − ni)
n · erf( x√
2
)
) ln(1− (no − ni)
n · erf( x√
2
)
) +
+(1− erf( x√
2
))(1 +
(no − ni)
n(1− erf( x√
2
))
) ln(1 +
(no − ni)
n(1− erf( x√
2
))
) + (5.20)
+
(no − ni)
n
ln(
(1− erf( x√
2
))
erf( x√
2
)
))
Note that in order to have no negative expression under the ln sign, espeially for the
following numerial simulations, we take the absolute values of these expressions whih does
not hange the real alulated results. The right hand side of Eq (5.20), whih yields the
entropy derease per moleule, must be multiplied by the number n of moleules in the
ylinder in order to obtain the total derease of entropy after moving up the pistons. Figure
5.5 shows a three-dimensional representation of the entropy s per moleule from the last
equation as funtion of
ni
n
and
no
n
.
The relevant range of w1 = erf(
x√
2
) must begin from the minimum value of n0
n
sine w1
an not be smaller than
n0
n
. The ranges of both
ni
n
and
no
n
are 0.005 ≤ ni
n
, no
n
≤ 0.5 beause in
the reversible motion disussed here it is unexpeted that more than half of the total partiles
will enter or leave the interval (x1, x2). For large values of
n0
n
(
ni
n
) and omparatively small
values of
ni
n
(
no
n
) the entopy dierenes tend to +1 (−1) and when both n0
n
and
ni
n
are large
s tends to zero from negative values.
The remarked problem of moving bak the pistons, without doing work, to their original
volume has been solved in [76℄ by taking into aount Eq (5.14) whih assign to f(x) the
value of +1 when the relevant moleule was in the interval (x1, x2) and −1 otherwise. That
is, after the rst step of doubling the initial volume the ylinder inludes now, exept for
the partiles that remain inside (outside) the noted interval and haraterized by f(x) = 1
(f(x) = −1), also those that were in (outside) it and were denoted by these values. All
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Figure 5.5: The gure shows a three-dimensional sur-
fae of the entropy per moleule s as funtion of no
n
and
ni
n
. Both ranges of
no
n
and
ni
n
are (0.005, 0.5) sine
it is unexpeted that in a reversible motion more than
half of the total moleules will leave or enter the given
interval (x1, x2). Note that for large
no
n
(
ni
n
) and small
ni
n
(
no
n
) s tends to +1 (−1).
these partiles that were in (out of) the interval (x1, x2) ontinue, for the short time interval
between moving the pistons up and down, to be denoted by f(x) = 1 (f(x) = −1). Thus, as
noted in [76℄, for the last step of retraing to the original volume, without doing work, one
has only to replae the pistons A by A∗ that is permeable not with respet to the moleules
in the interval (x1, x2) but to those that their f(x) is +1. Correspondingly, the piston B` is
replaed by B`∗ that is permeable to those that their f(x) has the value of −1. Thus, the
external intervention in this ase is hanged in [76℄ from Eq (5.14) to
f(x) =
{
+1 for x that is or was in x2 ≥ x ≥ x1
−1 for x that is or was outside (x1, x2) (5.21)
In suh a way one is able to perform a omplete yle of rst expanding the volume with the
original permeable pistons A and B` and then retrae this step reversibly with the pistons
A∗ and B`∗ instead of A and B` as remarked. Thus, all the possible motions of the moleules,
inluding their oming out of or into the given interval (x1, x2) are aounted for by Eq (5.21)
whih results in its validation as remarked (see the disussion after Eq (5.14)).
Now, if we take into aount the possible Feynman paths [30℄ through whih the system
may evolute during the remarked omplete yle then suh paths may be haraterized also
by those that onform either to Eq (5.14) or to (5.21). That is, the Feynman paths that
may result in a derease of the entropy are those in aordane with (5.14) and those that
do not result with suh a hange orrespond to (5.21). Thus, using (5.21) is the same as
passing along the spei path that preserve the entropy and rejeting those that hange it
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(that onform to (5.14)). All one have to do is to realize the orret path, in the sense
of [11℄, whih is done in aordane with the former setion by having a large number of
observers eah moving his respetive piston up and down in the desribed manner. We
alulate the orrelation among the N separate systems by assuming that all begin with the
original pistons A, A`, B and B` and nding the number of them that after ompleting one
yle are found with the pistons A, A∗, B and B`∗ whih denote that the expression (5.14)
is not valid for them. When, after expanding the initial volumes of the N ylinders we nd,
for some of them, that no moleule from the interval (x1, x2) has ome out of it and no
one from outside has entered then they end, after returning the volume to its initial state,
with the same pistons they begin with and in suh a ase the expression (5.14) is obviously
valid for them. But suppose that for other observers noj moleules ome out of the interval
(x1, x2) and nij have entered where noj 6= nij . In suh ase the total derease of entropy, after
moving-up the pistons, using Eq (5.20) and assuming that the total number of moleules n
are the same for all the ensemble members, is
stotal = −k
j=N∑
j=1
n(w1j ln(1 +
(nij − noj )
w1jn
) + w2j ln(1 +
(noj − nij )
w2jn
) +
+
(noj − nij )
n
ln(
w2j +
(noj−nij )
n
w1j +
(nij−noj )
n
) = −k
j=N∑
j=1
n(erf(
xj√
2
)(1− (5.22)
− (noj − nij)
n · erf( xj√
2
)
) ln(1− (noj − nij )
n · erf( xj√
2
)
) + (1− erf( xj√
2
))(1 +
(noj − nij )
n(1− erf( xj√
2
))
) ·
· ln(1 + (noj − nij )
n(1− erf( xj√
2
))
) +
(noj − nij )
n
ln(
(1− erf( xj√
2
))
erf(
xj√
2
)
))
We, now, show that when the N observers are related to eah other in the sense that all the
N experiments of moving the pistons up and down are prepared in suh a way that no two
observers share the same values of
noj
n
,
nij
n
and xj then the larger is N the more probable
is that the majority of them obtain negative entropy dierene. If, on the other hand, they
are not related in this manner so that some observers may have the same
noj
n
,
nij
n
and xj
then the mentioned probability will not be obtained even for large N . We rst note that
sine for x ≥ 3 erf(x) is approximately the same as for x = ∞, we may assume a range of
(0, 3) from whih we take the values for the preassigned interval (−x, x). Thus, we subdivide
the interval (−3, 3) into N subintervals, where N is the number of observers, so that eah
has his respetive interval (−xj , xj) where xj is the orresponding real number from the
range 0 ≤ xj ≤ 3. We note, as remarked after Eq (5.20), that eah probability wij for any
observer Oj (j = 1, 2, . . . , N) must begin from the minimum value of
noj
n
and assume (see the
disussion after Eq (5.20)) that both
nij
n
and
noj
n
are in the range 0.005 ≤ noj
n
,
nij
n
≤ 0.5. We
assign to eah observer that obtains negative entropy dierene after moving-up the pistons
the value of +1 (this has nothing to do with the +1 or −1 in Eqs (5.14) and (5.21)) and 0
otherwise.
We assume that Nc observers, of the total N , lift up their respetive pistons and we
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Figure 5.6: The urve shows the result of
performing 1000 dierent experiments of lift-
ing up the pistons as a funtion of the num-
ber of observers N (that only 1000 of them
perform the experiments). Note that no two
of the 1000 experiments are idential and
that eah is deliberately performed for dif-
ferent values of the intervals (−xj , xj), nojn
and
nij
n
where xj = 6 · nojn . Note that as N
grows the number of experiments that end
in negative entropy derease inreases.
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Figure 5.7: The stohasti urve shown is
drawn for exatly the same onditions as
those of Figure 5.6, exept that the values of
(−xj , xj), nojn and
nij
n
are hosen randomly.
That is, the urve shows the results of 1000
experiments as a funtion of the number of
observers N . Note that some of these exper-
iments may be idential due to the random
onditions under whih they are performed.
Also, as seen from the graph there is no dis-
ernable inrease or derease of f(N) with
N (ompare with Figure 5.6).
alulate the fration
fNc(N) =
1
N
i=Nc∑
i=1
gi(N), (5.23)
where gi(N) = 1 if the result of any of these experiments yields a negative value for the
entropy dierene and gi(N) = 0 otherwise. It is shown, as remarked, that as N grows
this fration inreases and with it the probability that most of them obtain negative entropy
dierenes in whih ase they end, aording to the rules of the experiment (see the disussion
after Eq (5.21)), with the replaed pistons A∗ and B`∗ in plae of the original ones A and B`
so that the relation (5.21) is established for most of them. Figure 5.6 shows the remarked
fration fNc(N) as a funtion of the N observers and we see that fNc(N) grows as N inreases.
That is, the presene of a large number of observers resulted with the outome that a large
number of experiments end with a negative entropy dierene. The same result has been
obtained in the former setion for the eet of a large ensemble of related observers that
perform experiments where any result obtained by any one is valid for all the others (see
the disussion after Eq (5.5) and also Figure 5.2). The results of Figure 5.6 are obtained
by hoosing for
no
n
and
ni
n
, that are both onned in the range (0.005, 05), the values of
no(j)
n
= 0.005 + (0.5−0.005)j
49
, and
ni(l,k)
n
= 0.005 + (0.5−0.005)l
(20+k)
, where 0 ≤ j ≤ 49, 0 ≤ l ≤ 120
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and 0 ≤ k ≤ 100. Note that the ommon total interval (0.005, 05) of no
n
and
ni
n
has been
subdivided dierently for them. That is, for
no
n
the division is to 50 equally spaed values
and for
ni
n
it is to 121. That is, the maximum possible number of observers is Nmax =
121 · 50 = 6050 and we assume, for the numerial analysis, that 1000 of them partiipate
in the experiments so that Nc = 1000. Thus, all the observers are related in the sense that
eah has its spei
noj
n
and
nij
n
. If, on the other hand, this kind of onnetion is absent
as when assigning randomly to any observer Oj (j = 1, 2, . . . , N) an interval (−xj , xj) and
also
noj
n
,
nij
n
from (0.005, 0.5) we obtain a stohasti result for f(N) that implies no inrease
(and no derease) of the number of observers that get negative entropy dierene. This is
seen learly from the sawtooth form of the urve of Figure 5.7 whih is drawn under exatly
the same onditions as those of Figure 5.6 exept that the values of (−xj , xj), nojn and
nij
n
are randomly assigned to the observers.
We, thus, see that when the observers are related among them the probability to nd
any one of them (that begin with the pistons A, A`, B and B`) ending with A, A∗, B and B`∗
is large so that, as remarked, the relation (5.21) is physially established the larger is the
number N of related observers. We note that for Figures 5.6 - 5.7 we have expressed the
values of xj from the interval (−xj , xj) in terms of nojn as xj = 6 ·
noj
n
. In suh a way eah
observer Oj(j = 1, 2, . . .N) that has been assigned a spei value of
noj
n
from the remarked
range 0.005 ≤ noj
n
≤ 0.5 is automatially assigned a orresponding value from the range
0.03 ≤ xj ≤ 3. Thus, the maximum value of xj is in aordane with the disussion after Eq
(5.22).
We note that the same results may be obtained by using other methods and terminology.
Thus, it is shown [81℄ that the loalization (in the sense of smaller dispersion) for the
state |φ > is greater the smaller is the entropy whih results when the rate of eetive
interation with the environment [81℄ inreases. Loalization is another phrase for what we
all here realizing or preserving a spei state and the interation with the environment
is equivalent to performing experiment [13, 26, 82, 83℄, so that as the rate of performing
experiment grows the more realized and loalized is the state one begins with or the path of
states along whih one proeeds.
We see, therefore, that the lassial thermodynamial system disussed here obeys also
the same development we have enountered in the former hapters regarding the evolution
of new phenomena (and their theories). That is, the establishment of the assumed physial
onnetion from Eq (5.21) between the variables f and x proeeds by rst trying the form
(5.14) but it soon beomes lear, by testing it through experiments, that there is a gap
between it and the experimental results with regard to the moleules that ome out of (into)
the preassigned interval (x1, x2). Thus, in order to onform to the experimental ndings
one have to replae the weak theory of (5.14) by the new expression from Eq (5.21) whih
takes into aount these moleules. The new theory entails a orresponding hange in the
experimental set-up that is supposed to validate it. That is, the replaement of the pistons A
and B` by A∗ and B`∗ in the seond stage of reversing bak, without doing work, to the former
volume. The important step that assigns to the relation (5.21) a physial aspet is obtained,
as remarked, when a large number of related observers perform the relevant experiments with
their ylinders and obtain similar results (see Figure 5.6). Unrelated ensemble of observers,
no matter how large it is, does not obtain the sought-for physial validation of the new
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relation from Eq (5.21) as seen learly from Figure 5.7.
The new response (new phenomenon) in this ase is learly illustrated in Figure 5.6
whih shows that the larger is the ensemble of related observers the larger is the number of
them that obtains negative entropy dierene. The last result indiates, as remarked, that
the system responds in a new and dierent manner from the expeted response of the old
theory (5.14). Thus, the failure of the relation (5.14) to ope with the experimental ndings
neessitates a new relation (5.21) whih has been shown to be more validated the larger
is the number of related observers. In other words, as seen in all our work thus far, the
large number of related observers that perform the experiments not only give rise to this
new response of nding most of them with a negative entropy dierene but also physially
establish this outome.
Chapter 6
EPILOG
We have disussed, using examples that range from quantum and lassial eld events,
through Internet webmastering to lassial thermodynamis, the possible evolutions of real
phenomena espeially at the initial stage of whih when they are rst enountered and
their nature is not lear. The physial harater of these new-enountered phenomena is
established only after initially trying to explain them by suitable theories that must stand
the tests of experiments whih are prepared to reonstrut these phenomena under various
onditions. We have shown that the larger is the number of repetitions of the relevant
experiments the more valid and real these new phenomena will be assuming that most of
these experiments result in establishing them. We have also shown that the proess of
validating and establishing the physial aspet of real phenomena may be explained as if it
results from experimenting upon a physial system in an uninterrupted manner, that is, to the
Zeno eet. Under this ondition of dense measurement the known response of the system, in
the absene of this dense experimentation, hanges entirely to a new, and even unexpeted,
one as shown with respet to the one-dimensional systems disussed in Chapter 4. This new
behaviour of the system may always be repeated and reonstruted any number of times by
performing this dense measurement again. That is, it may be physially established under
this kind of experimentation.
We note that at the initial stage before the new response beomes physially established
by dense measurement the system's response and evolution under a measurement (not dense)
may assumes any of a large number of possible dierent ones. Thus, the orresponding initial
theory, before it beomes physially established through the remarked experiments, may be
desribed as having a possible dependene upon an extra variable that takes aount of the
large possible evolutions, allowed at this initial time, for the relevant system. In Setion
2.2 we have disussed (see Appendix A2) the generalization of quantum mehanis through
the Flesia-Piron extension of the Lax-Phillips theory in whih the extra time variable t has
been expliitly introdued besides the laboratory time parameter τ . We do so also in [9℄
by using the stohati quantization theory of Parisi-Wu [46, 42℄ where the introdued extra
variable s takes aount of an assumed stohasti proess (in this variable) that allows, as all
stohasti proesses do, a large dierent possible behaviours of the system. The equilibrium
onguration is obtained [46, 42℄ when this variable is eliminated through equating all its
dierent values to eah other and taking to innity. This equating of all the possible s values
to eah other introdues an element of repetitions of the same proess through whih the
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system is stabilized and brought to its physial equilibrium onguration. We have shown
this in [9℄ for the examples of the Internet websites of the harmoni osillator and those of
the energy shift (Lamb shift) [64, 65℄. The same result was obtained in [51℄ for the general
Internet websites without speifying any partiular one. For this disussion of the Internet
statistis we use the formalism of Ursell-Mayer [50, 49℄ in whih an extra variable has been
introdued. We note that this additional variable is not of the same kind as that of the SQ
extra variable [42, 46℄ disussed in [9℄. This extra variable is impliitly referred to in Setion
2.1 (see Appendix A1) when we disuss the bubble and open-oyster proesses. This is beause
we do not sum there the Feynman diagrams of these proesses to all orders, as usually done
in quantum eld theory, but their n time repetitions where n → ∞. The resulted double
sum has the same eet as introduing an extra variable and summing over all its possible
values.
The same eet of establishing the physial harater of the new phenomena and their
theories is obtained through a olletive experiment performed by a large number of related
observers. It results, as remarked, in realizing [11, 12℄ the relevant Feynman path of states,
that represents the tested phenomenon, for all the observers as if eah has performed dense
measurement along it. This is beause, although eah one is restrited to do only his spei
experiment, nevertheless, sine all the observers have similar systems the spei results
obtained by any one may, under the same onditions, be obtained by any other. Thus, the
experimental results obtained by any one are valid for all the others.
This outome of the ensemble of related systems was orroborated also upon ompar-
ing the mehanism just desribed to the proedure of numerial simulations. This has been
shown in [9℄ with regard to a large ensemble of related omputers and in [51℄ in onnetion to
a orresponding large luster of mutually linked websites and in both ases the same outome
was obtained. Thus, the relationship among the ensemble of related omputers is strength-
ened by seeing to it that the ations S of all or most of the path integrals that represent
them ontain the same expression [9℄ that haraterizes the involved interation simulated
by them suh as that of the harmoni osillator or of the Lamb shift [9℄. In suh a way all
the related omputers may be brought, as shown in [9℄, to the situation in whih all of them
have the same ommon sites and, therefore, their orrelation is maximal. These eets of the
ensemble of related systems were demonstrated also in [51℄ by using the luster formalism
of Ursell [49℄ and Mayer [50℄ where a large ensemble of onneted omputers (users) may
aquire a very large additional amount of onnetivity [67℄ among them by adding only a small
number of onneting website links. The orrespondene between omputer simulations and
real experimentation is sharply reeted at the last stage of running the written ode on the
omputer sreen, espeially if it simulates some physial proess whih is governed, as most
physial proesses are, by a dierential equation. This is beause the numerial solutions of
these equations are obtained by updating them a large number of times. Moreover, the larger
is the number of these iterations the larger is the number of samples and the better is the
resulting statistis. All the remarked eets of the ensemble of related observers have been
demonstrated even more pronounedly for the lassial thermodynamial system of ylinder
and pistons disussed in Chapter 5. We have also shown that when the observers are not
related to eah other then this realization of the spei evolution will not be obtained.
All these proesses orrespond to the Zeno eet [2, 10, 11, 12, 13, 14℄ by whih an
equilibrium physial onguration is obtained as a onsequene of these repetitions. We have
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shown that it is eetive not only for repeating the same experiment on the same system a
large number of times in a nite time but also when a large number of observers, all onned
in a nite region of spae, perform similar experiments as shown by the various examples
disussed here and in [17, 18, 20, 23℄. The last eet is the spae Zeno eet, desribed in
details in Chapters 4-5, whih has been demonstrated for both quantum and lassial regimes
and whih, atually, stands in the basis of the inuene of the ensemble of related observers
ompared to that of the single observer or of the unrelated ensemble of them. The disussion
in Chapter 4 of the quantum and lassial systems of the respetive one-dimensional arrays of
potential barriers and traps onned to nite spatial setion demonstrates in a lear fashion
the unique nature of spae dense measurement. The responses of both systems to inreasing
the number of barriers or traps in the nite setion, whih is equivalent to inreasing the
rate of experiments, is not only new but also ontrary to what one may expet as explained
in Chapter 4 (see Appendies C2, C3 and C4). That is, the dense measurement proess has
produed, as remarked, a new phenomenon that has not been enountered before. Moreover,
this new phenomenon is not a temporary one but may be repeated and reonstruted any
times we wish by performing again these dense measurements. In other words, this kind of
experimentation not only gives rise to new phenomena but also may physially establish and
validate them. We remark that the appearane of physial phenomena due to only repeating
the same experiment a large number of times has been experimentally demonstrated [10℄
using various methods and tehniques.
We note that this Zeno eet by whih one Feynman path of states, from a large number
of possible ones, is realized whereas the probability for the other paths tends to zero satises
the onsisteny onditions of the histories formalism of Gell-Mann-Hartle and Griths [27,
28, 29℄. That is, only one evolution is eeted in the nal stage and not a superposition of
them (see Appendix A2).
Chapter 7
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7.1 APPENDIX A:
ABSTRACT
1
It is aepted that among the means through whih a quantum phenomenon
deoheres and beomes a lassial one is what is termed in the literature the
Zeno eet. This eet is named in honor of the anient Greek philosopher
Zeno of Elea (born about 485 B.C) whih is known for his logial paradoxes.
A representative example is that in a rae ontest between the best runner of
these times Ahilles and a tortoise the latter must win if it was permitted to
start a small distane before Ahilles. This is so if we analyze the running of
Ahilles in terms of how muh time it takes him to over the distane between
them and take into aount that in this time the tortoise proeeds ahead a
small additional distane whih must also be overed by Ahilles. Thus, one
may onlude that in the limit in whih the distane unit beomes innitesimal
Ahilles will not proeed at all in any nite time. This eet has been used
in 1977 to analytially predit that one may preserve an initial quantum state
in time by merely repeating a large number of times in a nite total time the
experiment of heking its state. Sine then this eet has been experimen-
tally strengthened and has beome an established physial fat. It has been
argued by Simonius that the Zeno eet must be related not only to quantum
phenomena but also to many marosopi and lassial eets. Thus, sine it
operates in both quantum and lassial regimes it must ause to a more general-
ized kind of deoherene than the restrited one that lassializes a quantum
phenomenon. We show that this generalized deoherene, obtained as a result
of dense measurement, not only gives rise to new phenomena that are demon-
strated through new responses of the densely interated upon system but also
may physially establish these phenomena. For that matter we have found and
established the analogous spae Zeno eet and demonstrate its existene using
analytial and numerial methods. The last eet leads to the neessity of an
1
The full abstrat, as represented in the thesis submitted to the Bar-Ilan University, is shown here.
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ensemble of related observers (systems) for the remarked physial validation of
new phenomena. As will be shown in Chapters 3-5 of this work the new phe-
nomena (new responses of the system) that result from the spae Zeno eet
may be of an unexpeted nature.
An important proess that orresponds to testing physial theories through
experiments is the numerial simulations that run and test programs on the
omputer sreen. We use this orrespondene for obtaining a better under-
standing of real phenomena.
We use quantum and lassial eld theories in addition to the more on-
ventional methods of analysis. We also orroborate our analytial ndings by
numerial simulations. Some onlusions and results have already been pub-
lished in artiles, espeially those dealing with the spae Zeno eet and its
possible realizations in quantum and lassial systems. We present these pa-
pers or part of them in the Appendies of this work.
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7.2 Appendix A1:
Quantum eld theory and dense measurement
2
The paper
Quantum eld theory and dense measurement
by D. Bar
Published in
Int. Jour. Theor. Phys, 42, 443-463 (2003)
2
Due to limitations imposed upon submissions's size the former paper, whih fully appears in the
thesis submitted to the Bar-Ilan University, is omitted here. This paper may be downloaded at
http://www.arxive.org/abs/quant-ph/0112070
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7.3 Appendix A2:
The histories formalism
3
The paper
Lax-Phillips evolution as an evolution of Gell-Mann-Hartle-Griths
histories and emergene of the Shröedinger equation for a stable
history
by D. Bar and L. P. Horwitz
Published in
Phys. Lett A, 303, 135-139, (2002)
3
Due to limitations imposed upon submissions's size the former paper, whih fully appears in
the thesis submitted to the Bar-Ilan University, is omitted here. This paper may be downloaded at
http://www.arxive.org/abs/quant-ph/0209012
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7.4 Appendix A3:
Eet of dense measurement in lassial systems
4
The paper
Eet of dense measurement in lassial systems
by D. Bar
Published in
Physia A, 292(10), 494-508, (2001).
4
Due to limitations imposed upon submissions's size the former paper, whih fully appears in the thesis
submitted to the Bar-Ilan University, is omitted here.
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7.5 Appendix A4:
The spae Zeno eet
5
Setions 1-3 of the paper
Spae Zeno eet
by D. Bar and L. P. Horwitz
Published in
Int. J. Theor. Phys 40(10), 1897-1713, (2001).
5
Due to limitations imposed upon submissions's size the mentioned three setions of the former paper,
whih appear in the thesis submitted to the Bar-Ilan University, are omitted here.
APPENDICES 72
7.6 Appendix A5:
The one-dimensional multi-barrier potential of nite range and
nite number of barriers
6
Setions 1-2 of the paper
Dynamial eets of a one-dimensional multibarrier potential of
nite range
by D. Bar and L. P. Horwitz
Published in
Eur. Phys. J. B, 25, 505-518, (2002)
6
Due to limitations imposed upon submissions's size the mentioned two setions of the former paper,
whih appear in the thesis submitted to the Bar-Ilan University, are omitted here. The whole paper may be
downloaded at http://www.arxive.org/abs/quant-ph/0112027
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7.7 Appendix A6:
The one-dimensional multi-barrier potential of nite range and
innite number of barriers
7
The paper
Manifestation of the Zeno eet and haoti-like eets on a one-
dimensional multibarrier potential of nite range
by D. Bar and L. P. Horwitz
Published in
Phys. Lett A, 296(6), 265-271, (2002)
7
Due to limitations imposed upon submissions's size the former paper, whih fully appears in the thesis
submitted to the Bar-Ilan University, is omitted here.
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7.8 Appendix A7:
The one-dinensional multitrap system of nite range and in-
nite number of traps
8
The paper
Diusion-limited reation in the presene of n traps
by D. Bar
Published in
Phys. Rev E, 64, 026108/1-10 (2001)
8
Due to limitations imposed upon submissions's size the former paper, whih fully appears in the thesis
submitted to the Bar-Ilan University, is omitted here.
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7.9 Appendix A8:
The one-dinensional multitrap system of nite range and nite
number of traps
9
The paper
Diusion-limited reation for the one-dimensional trap system
by D. Bar
Published in
Phys. Rev E, 67, 056123/1-8 (2003)
9
Due to limitations imposed upon submissions's size the former paper, whih whih fully appears in
the thesis submitted to the Bar-Ilan University, is omitted here. This paper may be downloaded at
http://www.arxive.org/abs/physis/0212094.
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7.10 Appendix A9:
List of publiations
10
(1) Manifestation of the Zeno eet and haoti-like eets on a one-dimensional
multibarrier potential of nite range,
D. Bar and L. P. Horwitz,
Phys. Lett A, 296(6), 265-271, 2002.
(2) Dynamial eets of a one-dimensional multibarrier potential of nite range,
D. Bar and L. P. Horwitz,
Eur. Phys. J. B, 25, 505-518, 2002.
(3) Spae Zeno eet,
D. Bar and L. P. Horwitz,
Int. J. Theor. Phys, 40(10), 1897-1713, 2001.
(4) Diusion-limited reation in the presene of n traps,
D. Bar,
Phys. Rev. E, 64(2), 026108/1-10, 2001.
5) Diusion-limited reation for the one-dimensional trap system,
D. Bar,
Phys. Rev. E 67, 056123/1-8 (2003)
(6) Eet of dense measurement in lassial systems,
D. Bar,
Physia A, 292(1-4), 494-508, (2001)
(7) The Zeno eet in the EPR paradox, in the teleportation proess,
and in Wheeler's delayed-hoie experiment,
D. Bar,
Found. Phys, Vol: 30, 813-38, (2000)
(8) The Zeno eet for oherent states,
D. Bar,
Physia A, 280, 374-81, (2000)
(9) The Zeno eet for spins,
D. Bar,
Physia A, 267(3-4), 434-442, 1999.
(10) The Feynman path integrals and Everett's universal wave funtion,
D. Bar,
Found. Phys, 28(8), 1383-1391, 1998.
(11) Identiation of hidden variables through Everett`s formalism,
D. Bar,
Found. Phys. Lett, 10(1), 99-103, 1997.
(12) Lax-Phillips evolution as an evolution of Gell-Mann-Hartle-Griths histories
10
Some papers, whih were under refereeing proess at the time of submitting this thesis, were by now
aepted for publiation (see footnotes at pages 28 and 60)
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and emergene of the Shröedinger equation for a stable history,
D. Bar and L. P. Horwitz,
Phys. Lett A, 303, 135-139, (2002).
(13) Phase transitions in a one-dimensional multibarrier potential of nite range,
D. Bar and L. P. Horwitz,
J. Phys B, 35, 4915, (2002)
(14) Quantum eld theory and dense measurement,
D. Bar,
Int. Jour. Theor. Phys 42, 443-463 (2003)
(15)  Eet of inreasing the rate of repetitions of lassial reations
by D. Bar,
Int. J. Theor. Phys, 43, 1169-1190 (2004)
(16) The eet of related experiments,
D. Bar,
Int. J. Theor. Phys, 44, 1095-1116 (2005)
(17) Internet websites statistis expressed in the framework of the Ursell-Mayer
luster formalism,
D. Bar,
Found. Phys, 34, 1203-1223 (2004)
(18) Computer simulations disussed in physial terms and terminology
by D. Bar,
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Bibliography
[1℄ D. Bar, Found. Phys, 30, 813-813, (2000).
[2℄ B. Misra and E. C. Sudarshan, J. Math. Phys, 18, 756 (1977); ` `deoherene and the
appearane of a lassial world in quantum theory, by D. Giulini, E. Joos, C. Kiefer, J.
Kush, I. O. Stamatesu and H. D. Zeh, Springer-Verlag, (1996); Saverio Pasazio and
Mikio Namiki, Phys. Rev A 50, 6, 4582, (1994); A. Peres, Phys. Rev D 39, 10, 2943,
(1989), A. Peres and Amiram Ron, Phys. Rev A 42, 9, 5720 (1990); S. Pasazio and M.
Namiki, Phys. Rev A 50, 6, 4582, (1994);
[3℄ ` `QuantumMehanis versus loal realism, Frano Selleri, ed, Plenum Press, New York,
(1988).
[4℄ D. Bar, Int. J. Theor. Phys, 44, 1095-1116 (2005)
[5℄ ` `Quantum theory and measurement, J. Wheeler and H. Zure, eds, Prineton Univer-
sity Press, New Jersey, (1983).
[6℄ F. London and E. Bauer, in ` `Quantum theory and measurement, J. Wheeler and H.
Zure, eds, Prineton University Press, New Jersey, (1983).
[7℄ ` `On the question of measurability of EM eld quantities, by Niels Bohr and L. Rosen-
feld in ` `Seleted papers of Leon Rosenfeld, R. S. Cohen and J. J. Stahel, eds, 357-400,
Reidel, Dordreht, (1979).
[8℄ A. Daneri, A. Loinger and G. M. Prosperi, Nul. Phys, 33, 297-319, (1962).
[9℄ D. Bar, ArXiv: physis/0205010
[10℄ R. J. Cook, Physia Sripta T, 21, 49-51 (1988); W. M. Itano, D. J. Heinzen, J. J.
Bollinger, and D. J. Wineland, Phys. Rev A, 41, 2295-2300, (1990); A. G. Kofman
and G. Kurizki, Phys. Rev A, 54, 3750-3753 (1996); G. Kurizki, A. G. Kofman and V.
Yudson, Phys. Rev A, 53 R35 (1995); S. R. Wilkinson, C. F. Bharuha, M. C. Fisher,
K. W. Madison, P. R. Morrow, Q. Niu, B. Sundaram, and M. G. Raizen, Nature, 387,
575-577 (1997)
[11℄ Y. Aharonov and M. Vardi, Phys. Rev D 21 , 2235, (1980)
[12℄ P. Fahi, A. G. Klein, S. Pasazio and L. Shulman, Phys. Lett A 257, 232-240, (1999)
78
REFERENCES 79
[13℄ R. A. Harris and L. Stodolsky, J. Chem. Phys, 74, 4, 2145 (1981); Mordehai Bixon,
Chem. Phys, 70, 199-206, (1982);
[14℄ Marus Simonius, Phys. Rev. Lett, 40, 15, 980 (1978)
[15℄ D. Bar, Physia A, 267(3-4), 434-442, (1999).
[16℄ D. Bar, Physia A, 280, 374-381, (2000).
[17℄ D. Bar and L. P. Horwitz, Eur. Phys. J. B, 25, 505-518, (2002).
[18℄ D. Bar and L. P. Horwitz, Phys. Lett A, 296(6), 265-271, (2002).
[19℄ D. Bar, Physia A, 292(1-4), 494-508, (2001).
[20℄ D. Bar, Phys. Rev E, 64(2), 026108/1-10, (2001).
[21℄ D. Bar Phys. Rev E, 67, 056123/1-8 (2003)
[22℄ D. Bar, Int. J. Theor. Phys, 43, 1169-1190 (2004)
[23℄ D. Bar and L. P. Horwitz, Int. J. Theor. Phys, 40(10), 1697-1713, 2001.
[24℄ D. Bar, Found. Phys, 28(8), 1383-1391, (1998).
[25℄ D. Bar, Inter. Jour. Theor. Phys, 42, 443-463 (2003)
[26℄ E. B. Davies, Ann. Inst. Henri Poinare A, 28, 91 (1978); E. B. Davies, Commun. Math.
Phys, 64, 191 (1979); ` `Chiral moleules-A superseletion rule indued by the radiation
eld by P.Pfeifer, dissertation ETH No.6551, Zurih (1980).
[27℄ ` `Spae time quantum mehanis and the quantum mehanis of spaetime, James. B.
Hartle in ` `Gravitation and quantization, edited by B. Julia and Zinn-Justin, N. H.
Elsevier Siene B. J, (1995), letures given at the 1992 Les Houhes Eole dete session
LVII; M. Gell-Mann and J. Hartle, Phys. Rev D, 47, 3345-3382, (1993); J. Hartle, Phys.
Rev D, 44, 3173-3195, (1991).
[28℄ C. J. Isham, J. Math. Phys 35, 2157, (1994); C. J. Isham and N. Linden, J. Math. Phys,
35, 5452, (1994).
[29℄ R. B. Griths and R. Omnes, Physis Today, 26, (1999); R. B. Griths, Phys. Rev
A, 54 (4), 2759, (1996); ` ` Consistent quantum theory by R. B. Griths, Cambridge
University Press, (2002).
[30℄ Rihard. P. Feynman, Rev. Mod. Phys,20, 2, 367 (1948); ` `Quantum Mehanis and
path integrals, Rihard. P. Feynman and A. R. Hibbs, MGraw-Hill Book Company
(1965).
[31℄ T ehniques and appliations of path intergrations, L. S. Shulman, John Wiley & Sons,
(1981).
REFERENCES 80
[32℄ ` `Path integral approah to quantum physis, G. Roepstor, Springer-Verlag, (1994).
[33℄ A. Einstein, B. Podolsky and N. Rosen, Phys. Rev, 47, 777-780, (1935); Niels Bohr,
Phys.Rev, 48, 696-702, (1935); John. S. Bell, Physis 1, 195-200,(1964); John. S. Bell,
Rev. Mod. Phys, 38, 3, 447-452, (1966); Alain Aspet, Phys. Rev D, 14, 8, 1944-
1951,(1976); ` `Quantum mehanis versus loal realism, the EPR paradox edited by
Frano Selleri, (Plenum press 1988); ` `Quantum theory and measurement edited by J.
A. Wheeler and W. H. Zurek, Prineton university press, Prineton, NJ, (1983).
[34℄ Charles H. Bennett, Gilles Brassard, Claude Crepeau, Rihard Jozsa, Asher Peres and
William K. Wootters, Phys. Rev. Lett, 70, 1895-1899, (1993).
[35℄ A. K. Pati and S. V. Lawande, Phys. Rev A 58, 831-835 (1998)
[36℄ Zdenek Hradil, Hiromihi Nakazeto, Mikio Namiki, Saverio Pasazio, and Helmut
Rauh, Physis Letters A 239, 333-338, (1998).
[37℄ ` `Quantum Mehanis by Leonard. I. Shi, 3rd edition (MGraw-Hill, In (1968));
` `Quantum theory, D. Bohm, Prentie Hall, Englewoods Clis, (1951).
[38℄ ` `Many partile physis, 2nd edition, G. Mahan, Plenum Press New York (1993); ` `A
ourse on many body theory applied to solid state physis, C. Enz, World Sienti,
(1992).
[39℄ ` `A guide to Feynman diagrams in the many body problems, Rihard. D. Mattuk, 2nd
edition, MGraw-Hill International Book Company, (1976).
[40℄ D. C. Mattis and M. L. Glasser, Rev. Mod. Phys, 70, 979-1001, (1998).
[41℄ Masso Doi, J. Physis A: Math. Gen, 9, 1465-1477, (1976); Masso Doi, J. Physis A:
Math. Gen, 9, 1479-1495, (1976).
[42℄ ` `Stohasti Quantization by M. Namiki, Springer Verlag, Berlin, (1992).
[43℄ C. Flesia and C. Piron, Helv. Phys. Ata 57, 697, (1984); L. P. Horwitz and C. Piron,
Helv. Phys. Ata 66, 693-711, (1993);
[44℄ ` `Sattering theory by P. D. Lax and R. S. Phillips, Aademi Press, New York, (1967).
[45℄ D. Bar and L. P. Horwitz, Physis letters A, 303, 135-139, (2002).
[46℄ G. Parisi and Y. Wu, Si. Sin, 24, 483, (1981).
[47℄ ` ` A modern ourse in statistial Mehanis by L. E. Reihl, New York: Wiley, (1998).
[48℄ ` `Statistial Mehanis by K. Huang, John Wiley & sons, New York, (1987). l
[49℄ H. D. Ursell, Pro. Cambridge Phil. So, 23, 685, (1927).
[50℄ ` `Statistial Mehanis by J. E. Mayer and M. G. Mayer, John Wiley & sons, New
York, (1941).
REFERENCES 81
[51℄ D. Bar, Found. Phys, 34, 1203-1223 (2004)
[52℄ D. Bar and L. P. Horwitz, J. Physis B, 35, 4915, (2002).
[53℄ H. Everett. III, Rev. Mod. Phys, 29, 454, (1957).
[54℄ ` `The many worlds interpretation of QM, edited by B. S. Dewitt and N. Graham,
Prineton, Prineton University Press, (1973).
[55℄ D. Bar, Foun. Phys. Lett, 10, 99, (1997).
[56℄ I. M. Gelfand and A. M. Yaglom, J. Math. Phys 1. 1, 48-69, (1960)
[57℄ ` `Generalized funtions, volume 4, I. M. Gelfand and N. Ya. Vilenkin, Aademi Press,
(1964)
[58℄ ` `Generalized funtions, Vol 2: Spaes of fundamental and generalized funtions, I. M.
Gelfand and G. E. Shilov, Aademi Press, (1968).
[59℄ ` `Phonons from a many body viewpoint, by Rihard. D. Mattuk, Annals of Physis
27, 216-226, (1964).
[60℄ ` `Light, H. Haken, North-Holland Publishing Company, (1981).
[61℄ A. S. Mikhailov, Physis letters, 85A, 214-216, (1981); A. S. Mikhailov, Physis letters,
85A, 427-429, (1981); A. S. Mikhailov and V. V. Yashin, J. Stat, Phys, 38, 347-359,
(1985) Springer-Verlag, (1992).
[62℄ "Path integrals and quantum proesses", by Mark Swanson, Aademi Press In, (1992).
[63℄ Fundamentals of quantum optis, by J. R. Klauder and E. C. G. Sudarshan, W. A.
Benjamin. INC, New York, (1968).
[64℄ ` `Laser Physis, W. E. Lamb, Jr. and M. Sargent, Addison-Wesley Pub. Co., Advaned
Book Program, (1974); ` `The interpretation of Quantum Mehanis, W. E. Lamb,
Rinton Press, (2001).
[65℄ T. W. Hansh, I. S. Shahin and A. L. Shawlow, Nature, 235, 63, (1972); T. W. Hansh,
A. L. Shawlow and P. Toshek, IEEE J. Quant. Eletr. QE-8, 802, (1977).
[66℄ ` `Handbook of mathematial funtions edited by M. Abramowitz and I. A. Stegun,
Dover Publiation In, New york, (1972); ` `Applied mathematis for engineers and
physiists by Louis. A. Pipes, seond edition (Mgraw-Hill book ompany, New York,
(1958)); ` `Mathematial Handbook by M. R. Spiegel, Shaum outline series, (1968).
[67℄ ` `Diusion and reations in fratals and disordered media by D. Ben-Avraham And S.
Havlin, Cambridge, Camgridge university press, (2000)
[68℄ M. Ka, Am. Math. Monthly 54, 369-417, (1947).
[69℄ R. V. Smoluhowski, Z. Phys. Chem., Stoehiom. Verwandtshaftsl, 29, 129, (1917).
REFERENCES 82
[70℄ R. J. Glauber, Phys. Rev, 131, 2766, (1963)
[71℄ W. Bauer and G. F. Bertsh, Phys. Rev. Lett, 65, (18), 2213-2216, (1990).
[72℄ E. Gutkin, Physia 19D, 311-333, (1986); A. Hobson, J. Math. Phys, 16, 2110, (1975).
[73℄ Quantum Theory and the Strutures of Time and Spae, C. Piron, vol.3. 77-83, (Carl
Hanser Verlag, Munhen, West Germany, (1979)).
[74℄ Quantum Mehanis", Seond edition, by E. Merzbaher, John Wiley and sons, New
York, 1961; ` `Quantum Mehanis by Claude Cohen Tannoudji, Bernard Diu and
Frank Laloe, John Wiley and sons, (1977)
[75℄ K. W. Yu, Computers in Physis 4, 176-178, (1990)
[76℄ L. Szilard, in Quantum theory and measurement, J. A. Wheeler and W. H. Zurek,
eds, Prineton University Press, Prineton, New Jersey, (1983) (originally published in
Zeitshrift Fur Physik, 53, 840-856, (1926)).
[77℄ "Statistial Physis" by F. Reif, Berkeley Physis Course, MGraw-Hill book ompany,
(1965).
[78℄ D. Finkelstein, Trans. NY. Aad. Si, 25, 621, (1963).
[79℄ L. Smolin in Quantum theory of gravity, S. Christensen, ed, Adam-Hilger, (1984).
[80℄ Probability and Statistis, M. R. Spiegel, Shaum Outline Series, MGRaw-Hill Book
Company, (1975).
[81℄ N. Gisin and I. C. Perival, J. Phys. A: Math. Gen, 26, 2233-2243, (1993).
[82℄ E. Joos and H. D. Zeh, Z. Phys. B-Condensed Matter, 59, 223-243, (1985).
[83℄ A. Amann, Synthese, 97, 125-156, (1993).
